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* NOTICES * 

JPO and MCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1] It is the turbo receiving approach of receiving the signal from the transmitter of two or 
more integer N individuals, and is the input signal rm of one or more integers [ M 1 From a known 
signal, the channel value hmn (q) and the channel matrix H are calculated. Here m- 1, , M, n- 
1 — jsj q= o, — , Q-1, and Q are several N prior information lambda 2 on the multi-pass of each 
transmitted electric wave, [bn (k)] to soft decision transmitting symbol b'n It asks for (k). k is the 
discrete time-of-day and channel value hmn (q) and soft decision transmitting symbol b'n here. 
Using (k), interferent component H-B' (k) to the sending signal of the n-th transmitter is 
calculated, and it is here, and is [Equation 1]. 
'H(O) -H(Q-l) 0 

H= 

hV» - H(Q-i) 

hn(q) — h 1N (q) 
hMl(l) — h MN(<l) 



H(q) = 



B' (k) =[b'T (k+Q -1) — b'T (k) — b*T(k-Q +1 )]Tb'(k+q) =[b'1 (k+q) b'2 — (k+q) b'N (k+q)]Tq=Q - 
1 -Q+1 It is b'(k) =[b'1 at q!=0. (k) — 0 — b'N [ (k)] T The number of the zero of the element 
of b' (k) is n in q= 0. ] [— ] It asks for vector y' (k). T — a transposed matrix — it is — this 
interferent component H-B* (k) — from receiving vector y (k) — deducting — difference — here 
_ y _(_ k _)_ = _[— rT — rT (k+Q -1) — (k+Q -2) — rT — (— k — ) — ] — Tr — (— 
k _) _ = — [— r — one — (— k — ) — r — two — (— k — ) — rM — (— k — ) — ] — T — a 

channel — a matrix — H — or — a reference sign — using — difference — adaptation filter 
factor wn to the input signal of the sending signal from the n-th transmitter which removes the 
residual interferent component in vector y' (k) It asks for (k). difference — vector y' (k) — the 
above-mentioned adaptation filter factor wn as the input signal [ as opposed to / carry out 
filtering by (k) and / the sending signal from the n-th transmitter ] by which interference removal 
was carried out — a logarithm — the turbo receiving approach characterized by obtaining a 
likelihood ratio. 

[Claim 2] the covariance matrix of the noise component in the receiving vector y (k) U 
carrying out — the soft decision transmitting symbol b'n(k) above-mentioned channel matrix H - 
- using — the above-mentioned adaptation filter wn (k) wn (k) =(HG(k) HH+U)-1h — here G(k) 
=diag [D(k+Q -1) — D(k) — D (k-Q +1)] 
D(k+q) =diag[1-b'21 (k+q), — , 1-b' 2 n (k+q) 

-- and 1-b' 2 1(k+q)] q=Q-1 Q+1 and q!=0 =diag[— 1-b' — 21 (k+q), — , 1, — , 1"b'N 2] 

(k+q) q= 0 — [Equation 2] 
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h = 



Hl,(Q-1)N+n 



H 



M,(Q-l)N+n 



H1 and -(Q-1) N+n The turbo receiving approach according to claim 1 characterized by 
computing by the one-line (Q-1) N+n train component of the top Noriyuki train H. 
[Claim 3] the turbo receiving approach of receiving the signal from the transmitter of two or 
more integer N individuals — it is — input signal rm of one or more integers [ M ] From a known 
signal, the channel value hmn (q) and the channel matrix H are calculated, m- 1. — , M, n- 1, , 
N q= o, — , Q-1, and Q are several N prior information lambda 2 on the multi-pass of each 
transmitted electric wave here, [bn (k)] to soft decision transmitting symbol b'n It asks for (k). k 
is the discrete time-of-day and channel value hmn (q) and soft decision transmitting symbol b'n 
here. Using (k), interferent component H-B' (k) to the sending signal of the n-th transmitter is 
calculated, and it is here, and is [Equation 3]. 



H = 



H(0) - H(Q-i) o 



H(0) 



H(Q-D 



H(q) = 



hll(q) hi N (q) 



h Mi(q) ■•• h MN(q) 



B' (k) =[b*T (k+Q -1) — b'T (k) — b*T(k-Q +1)]Tb'(k+q) =[b'1 (k+q) b'2 0 k+q — b'N (k+q)]Tq=Q 
-1 .... -Q+1 It is b'(k) =[b'1 at q!=0. (k) — f (b'n (k)) — b'N [ f (b'n (k)) of the element of b' (k) is 
the n-th in (k)]T q=0. ] f ( ) — f(0) =0 and d — {— f (the function which makes a variable b'n (k) 
which fills b'n(k)}/dtb'n(k)} >=0 — ) [— ] It asks for vector y" (k). T — a transposed matrix — it is 

— this interferent component H-B' (k) — from receiving vector y (k) — deducting — difference 
_ here __ y __(_ k —) — = — [— r T — rT (k+Q -1) — (k+Q -2) — rT — (— k — ) — ] — Tr 
_ (_ k _) _ = _ [— r — one — (— k — ) ~ r — two — (— k — ) — rM — (— k — ) — ] — 
T — a channel — a matrix — H — or — a reference sign — using — difference — adaptation 
filter factor wn to the input signal of the sending signal from the n-th transmitter which removes 
the residual interferent component in vector y' (k) It asks for (k). difference — vector y' (k) — 
the above-mentioned adaptation filter factor wn as the input signal [ as opposed to / carry out 
filtering by (k) and / the sending signal from the n-th transmitter ] by which interference removal 
was carried out — a logarithm — the turbo receiving approach characterized by obtaining a 
likelihood ratio. 

[Claim 4] the covariance matrix of the noise component in the above-mentioned receiving vector 
y ( k ) — u — carrying out — soft decision transmitting symbol b'n the (k) above-mentioned 
channel matrix H — using — the above-mentioned adaptation filter wn (k) wn (k) =(HG(k) 
HH+U) _1 h _ her e G(k) =diag [D(k+Q -1) — D(k) — D (k-Q +1)] 
D(k+q) =diag[1-b'21 (k+q), — , 1-b' 2 n (k+q) 

— 1-b' 2 1(k+q)] q=Q -1 — by -Q+1 and q!=0 = diag[1-b'21 (k+q), — 1-b'2n-1(k)1+2E[f (b'n(k)] 
+E[f (E[ ] expresses an average with b'n(k)2], 1-b'2n+1(k), — , 1-b' 2 N(k+q)] q=0.)) 

[Equation 4] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije?u=http%3A%2F%2Fwww4.ipdl.... 2006/05/26 



JP,2P03-152603,A [CLAIMS] 



3/10 ^— v 



H?,(Q-l>N+ii 



H1 and -(Q-1) N+n The turbo receiving approach according to claim 3 characterized by 
computing by the one-line (Q-1) N+n train component of the top Noriyuki train H. 
[Claim 5] The above-mentioned adaptation filter wn The turbo receiving approach according to 
claim 2 or 4 characterized by performing the inverse-matrix operation in count of (k) using the 
lemma of an inverse matrix. 

[Claim 6] The turbo receiving approach given in claim 1 thru/or any of 5 they are. [ which is 
characterized by setting the covariance matrix U of the noise component within the receiving 
vector y (k) to sigma2I which can be found from variance sigma2 and the unit matrix of Gaussian 
distribution ] 

[Claim 7] The covariance matrix U of the noise component within the above-mentioned receiving 
vector y (k) Above-mentioned receiving vector y (k), The above-mentioned presumed channel 
matrix H is used. LT= — sigmak=0 Tr (y(k)-H^-B (k)) and (y(k)-hf-B (k)) HB (k) =[bT — (k+Q -1) 
bT (k) _ bT ] ( k _Q +1 ) =[ Tb(k+q) ] [b1 —(k+q) bN] (k+q) T (q=-Q+1 — Q-1) 
Tr is the turbo receiving approach given in claim 1 thru/or any of 5 they are. [ which is 
characterized by considering as the die length of a reference sign ] 

[Claim 8] The turbo receiving approach given in claim 2 thru/or any of 7 they are. [ which is 
characterized by approximating Above D (k+q) with 0 and approximating Above D (k) by diag (0, - 
-[1.-0])] 

[Claim 9] It is the turbo receiving approach of receiving the signal from the transmitter of two or 
more integer N individuals, and is the input signal rm of one or more integers [ M ]. From a known 
signal, the channel value hmn (q) and the channel matrix H are calculated. Here m= 1, — . M, n= 
! — N q= o, — , Q-1, and Q are several N prior information lambda 2 on the multi-pass of each 
transmitted electric wave, [bn (k)] to soft decision transmitting symbol b'n It asks for (k). k is the 
discrete time-o^-day and channel value hmn (q) and soft decision transmitting symbol b'n here. 
Using (k), interferent component H-B' (k) to the sending signal of the n-th transmitter is 
calculated, and it is here, and is [Equation 5] 

H(0) -H(Q-i) o 

H = 

H(0) - H(Q-i) 



H(q) = 



h | ! (q) h 1N (q) 



hMi(q) ■■• h MN(q) 



B' (k) =[b'T (k+Q -1) — bT (k) — bT(k-Q +1)]Tb'(k+q) =[b'1 (k+q) b'2 — (k+q) b'N (k+q)]Tq=Q - 
! _ Q+1 It is b '(k) =[b'1 at q!=0. (k) — 0 — b'N [ (k)] T The number of the zero of the element 
of b' (k) is n in q= 0. ] [— ] It asks for vector y' (k). T — a transposed matrix — it is — this 
interferent component H-B' (k) — from receiving vector y (k) — deducting — difference — here 
_ y _(_ k _)_ = _[_ r T — rT (k+Q -1) — (k+Q -2) — rT — (— k — ) — ] — Tr — (— 
k _) _ = — [— r — one — (— k — ) — r — two — (— k — ) rM ( k ) ] — T 
reception — a vector — y — ( — k — ) — inside — a noise — a component — a covariance 
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matrix — As sigma2 I which can be found from distributed sigma2 of Gaussian distribution, and a 
unit matrix I, it is [Equation 6]. 
Hl.(Q-1)-N+n 



H 



2,(Q-1)N+n 



^M Q f (Q-l) -N+d 

adaptation filter coefficient wn which was boiled and was determined more difference — as the 
input signal from which filtering of vector y' (k) was carried out and the interference to the 
sending signal from the n-th transmitter was removed — a logarithm — the turbo receiving 
approach characterized by obtaining a likelihood ratio. 

[Claim 10] the turbo receiving approach of receiving the signal from the transmitter of two or 
more integer N individuals — it is — input signal rm of one or more integers [ M ] From a known 
signal, the channel value hmn (q) and the channel matrix H are calculated. m= 1, — , M, n= 1, , 
N ? q= 0, — , Q-1, and Q are several N prior information lambda 2 on the multi-pass of each 
transmitted electric wave here, [bn (k)] to soft decision transmitting symbol b'n It asks for (k). k 
is the discrete time-of-day and channel value hmn (q) and soft decision transmitting symbol b'n 
here. Using (k), interferent component H-B' (k) to the sending signal of the n-th transmitter is 
calculated, and it is here, and is [Equation 7]. 
H(0) -H(Q-l) 0 

H= 

H(0) - H(Q-i) 



rh„(q) ... h, N (q) 



H(q) = 



1>Ml(q) — hMNfa) 



B' (k) =[b*T (k+Q -1) — bT (k) — b'T(k-Q +1)]Tb'(k+q) =[b'1 (k+q) b'2 0 k+q — b'N (k+q)]Tq=Q 
-1 .... It is f (b'n (k) is the n-th) of the element of b' (k) at -Q+1 (k)]T q=0. It is b'(k) =[b'1 at q!=0. 
(k) — f (b' n (k)) — b'N f ( ) — f(0) =0 and d — { — f (the function which makes a variable b'n (k) 
which fills b'n(k)}/d{b , n(k)} >=0 — ) [— ] It asks for vector y' (k). T — a transposed matrix — it is 

— this interferent component H-B' (k) — from receiving vector y (k) — deducting — difference 

— here — y — (— k — ) — = — [— rT — rT (k+Q -1) — (k+Q -2) — rT — (— k — ) — ] — Tr 
__ (_ k _) _ = — [_ r — one — (— k — ) — r — two — (— k — ) — rM — (— k — ) — ] — 
T — reception — a vector — y — ( — k — ) — inside — a noise — a component — a 
covariance matrix — As sigma2 I which can be found from distributed sigma2 of Gaussian 
distribution, and unit-matrix I </FONT>, it is [Equation 8]. 

H, 



M.(Q-1)N+n 



H 



2, (Q-1) N+n 



^M Q,(Q-1) N+n 

adaptation filter coefficient wn which was boiled and was determined more difference — as the 
input signal from which filtering of vector y' (k) was carried out, and the interference to the 
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sending signal from the n-th transmitter was removed — a logarithm — the turbo receiving 
approach characterized by obtaining a likelihood ratio. 

[Claim 1 1] It is the turbo receiving approach of receiving the sending signal from the transmitter 
of two or more integer N individuals. The channel value which is the transmission characteristic 
of an input signal is calculated from the input signal of one or more integers [ M ], and a known 
signal. Presume a soft decision transmitting symbol from the prior information on N individual, 
respectively, and the sending signal of N individual is divided into L sending-signal groups (L<=N) 
which consist of 1 thru/or two or more sending signals, respectively. L identification signals 
which removed the interference from other sending-signal groups about each of that sending- 
signal group using the channel matrix which consists of a soft decision transmitting symbol and a 
channel value, respectively, The transmission characteristic of the identification signal and the 
channel information after the identification which corresponds, respectively are searched for. 
About each class of these L sets of identification signals and channel information, make the 
identification signal group into an input signal, make channel information into a channel value, and 
when the configuration sending signal is plurality Divide the configuration sending signal into two 
or more sending-signal groups which consist of further 1 thru/or two or more sending signals, 
and a soft decision transmitting symbol is used. The channel information after the identification 
signal which removed the interference from other sending-signal groups about the sending-signal 
group, respectively, and identification is searched for. When the number of configuration sending 
signals is one, the identification signal and channel information, and a soft decision transmitting 
symbol are used. Until it removes interference by the multi-pass of the sending signal itself and 
the configuration sending signal of all identification signals becomes one piece The above- 
mentioned division, Repeat interference removal and generation of the channel information after 
identification, and the identification signal which finally removed interference by the multi-pass 
of itself about each sending signal is searched for. Or the turbo receiving approach characterized 
by searching for the identification signal which removed the between [ sending signals ] x * 

interference, and an own intersymbol interference for every configuration sending signal of the 
identification signal about the group of the above-mentioned identification signal and its channel 
information. 

[Claim 12] About each above-mentioned sending-signal group, a soft decision transmitting 
symbol and a channel are used. Generate the interference replica from other sending-signal 
groups, respectively, deduct an interference replica from an input signal, respectively, and a 
differential signal is searched for, respectively. Search for the channel information after the filter 
shape for interference remainder component removal, and the above-mentioned identification for 
every differential signal from the above-mentioned channel value and a soft decision transmitting 
symbol, and filtering of the differential signal which corresponds by the filter shape for 
interference remainder component removal is carried out. The turbo receiving approach 
according to claim 1 1 characterized by acquiring the above-mentioned identification signal. 
[Claim 13] the above-mentioned input signal r1 (k), — , rM (— k — ) — from — reception — a 
vector — y — (— k — ) — = — [— rT — rT (k+Q -1) — (k+Q -2) — rT — (— k — ) — ] — Tr 
_ (_ k _) _ = _ [_ r _ one — (— k — ) — r — two — (— k — ) — rM — (— k — ) — ] — 

T — [ ] — T a transposed matrix — front **** — asking — the above-mentioned 

transmission characteristic — the channel matrix H — carrying out — [Equation 9] 
H(0) - H(Q-l) 0 



H(0) »• H(Q-l) 



H (q) = [hi (q) — hN (q)] 

hn The number of (q) =[h1n(q) — hMn(q)] Tm=1, — M, n= 1, — N, and multi-passes is set to Q. 
It is q= 0, — , Q-1, and hmn (q) is an input signal rm. It is the channel value of the pass q from 
the n-th transmitter contained. They are eye **** and the above-mentioned soft decision 
transmitting symbol b'n It is referred to as (k). The configuration about the one above-mentioned 
sending-signal group The 1st thru/or the Uth sending signal, U is a becoming integer N>U>=1 
and calculates the interference replica from a sending-signal group besides the above by H- 
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B' (k) here It is B'OO =[bT here. — (k+Q -1) bT (k) — bT(k-Q +1)]Tb'(k+q) =[b'1 (k+q) b'2 — 
(k+q) b'n — (k+q) b'N (k+q)]T : It is b'(k+q) =[0 at q=Q -1 and —1. — 0 bu+V (k+q) — by b'N] 
(k+q) T:q=0, — f -Q+1 the number of the elements of zero in b' (k+q) — U pieces — it is — this 
interference replica H-B' (k) — from above-mentioned receiving vector y (k) — subtracting 
the above — difference — vector y'g The turbo receiving approach according to claim 1 2 
characterized by asking for (k). 

[Claim 14] The turbo receiving approach according to claim 11 or 12 characterized by making 
into smallness the number of the multi-passes in the case of the interference removal 
processing which the identification signal received previously in case interference removal is 
further performed to the above-mentioned identification signal and its channel information. 
[Claim 15] the above-mentioned input signal r1 (k) f — , rM (— k — ) — from — reception — a 
vector — y — (— k — ) — = — [— rT — rT (k+Q -1) — (k+Q -2) — rT — (~ k — ) — ] — Tr 
_ (_ k _) _ = — [— r — one — ( — k — ) — r — two — ( — k — ) — rM — ( — k — ) — ] — 

j — [ ] — T a transposed matrix — front **** — asking — the above-mentioned 

transmission characteristic — the channel matrix H — carrying out — [Equation 10] 
~H(0) »• H(Q-l) 0 

H = 

o' H(0) — H(Q-1) 

H (q) = [hi (q) — hN (q)] 

hn The number of (q) =[h1n(q) — hMn(q)] Tm=1, — , M, n= 1, — N, and multi-passes is set to Q. 
It is q= 0, — , Q-1. and hmn (q) is an input signal rm. It is the channel value of the pass q from 
the n-th transmitter contained. They are eye **** and the above-mentioned soft decision 
transmitting symbol b'n It is referred to as (k) and the configuration is made into the 1st thru/or 
the Uth sending signal about the one above-mentioned sending-signal group. U is a becoming 
integer N>U>=1 and sets to Q'<Q the number of the multi-passes in the interference removal 
processing to the identification signal by which interference removal processing was carried out 
to this sending-signal group here. The interference replica from a sending-signal group besides 
the above is calculated by H-B' (k). It is B'(k) =[bT here. — (k+Q -1) bT (k) — bT 0 k-Q+1] 
Tb'(k+q) =[b'1 (k+q) b'2 — (k+q) b'n — (k+q) b'N (k+q)]T : It is b'(k+q) =[0 at q=Q -1 and — 1. — 
0 b'u +1 (k+q) — The number of elements of zero in b'N](k+q) T:q=0, — -Q'+1 b' (k+q) is U 
pieces. b'(k+q) =[b'1 —(k+q) b'n —(k+q) b'N] (k+q) T : This interference replica H-B' (k) is 
subtracted from above-mentioned receiving vector y (k). q=Q\ — , -Q+1 — difference — vector 
y ' g (k) _ **** — the turbo receiving approach according to claim 14 characterized by things. 
[Claim 1 6] The turbo receiving approach given in claim 1 thru/or any of 1 5 they are. [ which 
makes a reference sign a known signal and the transmitting coding symbol hard decision output 
obtained by the last processing in the repeat processing 2nd after turbo reception, and is 
characterized by calculating the above-mentioned channel matrix using this reference sign and 
input signal ] 

[Claim 1 7] The turbo receiving approach according to claim 1 6 characterized by the probability 
under transmitting coding symbol hard decision output obtained by the last processing using for 
count of the above-mentioned channel matrix by making the thing beyond a predetermined value 
into a reference sign. 

[Claim 18] prior information lambda 2 on the above-mentioned N individual the logarithm as an 
input signal [ as opposed to / obtain [bn (k)] from the transmitter of the above-mentioned N 
individual, and the corresponding decoder of N individual, and / the n-th above-mentioned 
sending signal ] by which interference removal was carried out — the turbo receiving approach 
given in claim 1 thru/or any of 17 they are. [ which is characterized by supplying a likelihood 
ratio to a corresponding decoder ] 

[Claim 19] The sending signal of the above-mentioned N individual is a signal transmitted with 
the transmitter of N individual as a sequence of juxtaposition of one information sequence of N 
individual, respectively. Prior information lambda 2 on the above-mentioned N individual [bn (k)] 
is the prior information lambda 2 on one decoder. Serial-parallel conversion of [the b (j)] is 
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carried out. the logarithm of N individual as an input signal to the sending signal of the above- 
mentioned N individual by which interference removal, was carried out — the turbo receiving 
approach given in claim 1 thru/or any of 1 7 they are. [ which is characterized by carrying out 
juxtaposition-serial conversion of the likelihood ratio, and supplying the above-mentioned 

decoder ] _ . 

[Claim 20] It is m= 1 , — . the channel presumption machine that M each input signal rm and the 
reference sign of a known signal are inputted, and calculates the channel value hmn (q) and the 
channel matrix H, and here here, and is [ the input-signal generation section which receives the 
signal from the transmitter of two or more integer N individuals and which is a turbo receiver and 
obtains the input signal rm of one or more integers / M /, and ] [Equation 1 1]. 
"H(O) H(Q-i) o 



H= 



H(q) = 



H(0) •-- H(Q-i) 

h u (q) — h, N (q) 



n = 1 — N each input signal rm it inputs — having — receiving vector y(k) =[rT rT (k+Q -1) — 
(k+Q -2) rT (k)] TKk) =[— r1 (k) r2 (k) — rM — (k) — ] — T — here — k — discrete time of day 
and Q — the number of the multi-passes of each transmitted electric wave — q- 0, — , Q-1, 
and [ ]T The receiving vector generation section which generates ** showing a transposed 
matrix. The prior information on N individual is inputted and it is soft decision transmitting 
symbol b'n. The soft decision symbol generation section which generates (k), Each soft decision 
transmitting symbol b'1 (k) - b'N (k) is inputted. Interference replica vector B'(k) =[b*T(k+Q -1) - 
_ bT(k) — bT (k-Q +1)] =[ Tb'(k+q) ] [b'1 b(k+q) '2 — (k+q) b'N] (k+q) Tq=Q -1 to the n-th 
sending signal, — , -Q+1 q!=0— b'(k) =[b'1 (k) —0 —b'N (k)] T — The replica vector generation 
section in which the zero of the element of b' (k) generate the n-th by q= 0, The filtering section 
which interference replica vector B' (k) is inputted as the channel matrix H, and calculates and 
outputs interferent component H-B' (k) to the input signal of the n-th sending signal, interferent 
component H-B' (k) and receiving vector y (k) inputs — having ~ difference — with the 
difference operation part which outputs vector y'(k) =y(k)-H-B' (k) the channel matrix H or a 
reference sign inputs — having — difference — with the filter factor presumption section which 
asks for the adaptation filter factor wn (k) to the input signal of the sending signal from the n-th 
transmitter from which the residual interferent component in vector y' (k) is removed Vector 
y* (k) and the above-mentioned adaptation filter factor wn (k) are inputted, and filtering is carried 
out to y' (k). difference — as the input signal to the sending signal from the n-th transmitter by 
which interference removal was carried out — a logarithm — the turbo receiver characterized 
by providing the adaptation filter section which obtains a likelihood ratio and is supplied to the n- 

th decoder. ■ . . 

[Claim 21] It is m= 1, — , the channel presumption machine that the decoder of MN individual, 
each input signal rm, and the reference sign of a known signal are inputted, and calculates the 
channel value hmn (q) and the channel matrix H, and here here, and is [ the input-signal 
generation section which receives the signal from the transmitter of two or more integer N 
individuals and which is a turbo receiver and obtains the input signal rm of one or more 
integers / M /, and ] [Equation 12]. 
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H = 



"H(O) -H(Q-i) o 
o H(0) — H(Q-i) 

'*nW — h ns(<i) 



n = 1 f — , N each input signal rm it inputs — having — receiving vector y(k) =[rT rT (k+Q -1) — 
(k+Q -2) rT (k)] TKk) =[— r1 (k) r2 (k) — rM — (k) — ] — T — here — k — discrete time of day 
and Q — the number of the multi-passes of each transmitted electric wave — q= 0, — , Q-1, 
and [ ]T The receiving vector generation section which generates ** showing a transposed 
matrix, The prior information on N individual is inputted and it is soft decision transmitting 
symbol b'n. The soft decision symbol generation section which generates (k), and (n= 1 , — N), 
Each soft decision transmitting symbol b'1 (k) - b*N (k) is inputted. Interference replica vector 
B'(k) =[bT(k+Q — bT(k) — bT(k-Q +1)3 =[ Tb'(k+q) ] [b'1 b(k+q) '2 — (k+q) b'N] (k+q) Tq=Q - 
1 to the sending signal from the n-th transmitter, — -Q+1, q!=0 — b'(k) =[b'1 (k) — ftb'n (k)) — 
b'N (k)] T q=0 — f (b'n (k)) of the element of b' (k) — the n-th — f ( ) is b'n which fills f(0) =0 
and d{f(b'n (k))}/d{b'n (k)} >=0. The replica vector generation section which is the function which 
makes (k) a variable and generates **, The filtering section which interference replica vector 
B f (k) is inputted as the channel matrix H, and calculates and outputs interferent component H- 
B' (k) to the input signal of the sending signal from the n-th transmitter, interferent component 
H-B' (k) and receiving vector y (k) inputs — having — difference — with the difference 
operation part which outputs vector y'(k) =y(k)-H-B' (k) the channel matrix H or a reference sign 
inputs — having — difference — with the filter factor presumption section which asks for the 
adaptation filter factor wn (k) to the input signal of the sending signal from the n-th transmitter 
from which the residual interferent component in vector y' (k) is removed Vector y' (k) and the 
above-mentioned adaptation filter factor wn (k) are inputted, and filtering is carried out to y f (k). 
difference — as the input signal to the sending signal from the n-th transmitter by which 
interference removal was carried out — a logarithm — the turbo receiver characterized by 
providing the adaptation filter section which obtains a likelihood ratio and is supplied to the n-th 
decoder. 

[Claim 22] The input-signal generation section which receives a sending signal from the 
transmitter of two or more integer N individuals and which is a turbo receiver and generates the 
input signal of one or more integers [Ml The channel presumption machine which the reference 
sign of the M above-mentioned input signals and known signals is inputted, and presumes the 
channel value which is the transmission characteristic, The identification signal which the M 
above-mentioned input signals and the prior information on the above-mentioned channel value 
N individual were inputted, and removed the interferent component by the sending signal of other 
transmitters for every sending signal of 1 thru/or two or more above-mentioned transmitters, 
The preceding paragraph equalizer which outputs two or more sets of the identification signal 
and the channel information after corresponding identification. The above-mentioned 
identification signal, the group of the channel information, and the configuration sending signal of 
the identification signal and corresponding prior information are inputted from the above- 
mentioned preceding paragraph equalizer, respectively, the mutual intervention of an intersymbol 
interference or this according to the multi-pass about each of the identification signal to a 
configuration sending signal, and other sending signals in the configuration signal — removing 
a logarithm — the turbo receiver possessing two or more latter-part equalizers which output a 
likelihood ratio. 

[Claim 23] The input-signal generation section which receives a sending signal from the 
transmitter of two or more integer N individuals and which is a turbo receiver and generates the 
input signal of one or more integers [Ml The channel presumption machine which the reference 
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sign of the M above-mentioned input signals and known signals is inputted, and presumes the 
channel value which is the transmission characteristic, The identification signal which the M 
above-mentioned input signals, and the above-mentioned channel values and the prior 
information on N individual were inputted, and removed the interferent component by the sending 
signal of other transmitters for every sending signal of 1 thru/or two or more above-mentioned 
transmitters, The preceding paragraph equalizer which outputs two or more sets of the 
identification signal and the channel information after corresponding identification, The above- 
mentioned identification signal, the group of the channel information, two or more sending signals 
that constitute the identification signal, and corresponding prior information are inputted from 
the above-mentioned preceding paragraph equalizer. The turbo receiver possessing two or more 
latter-part equalizers which output two or more sets of the identification signal which removed 
the interferent component by other other sending signals in the configuration sending signal, its 
identification signal, and the channel information after corresponding identification for two or 
more sending signals of every in the configuration sending signal of the plurality of the 
identification signal. 

[Claim 24] A turbo receiver given in claim 20 thru/or any of 23 they are. [ to which the hard 
decision transmitting symbol from a decoder is characterized by having the symbol storage 
section and a means to read a hard decision transmitting symbol from the symbol storage 
section last time in the repeat processing 2nd after turbo reception, and to supply a channel 
presumption machine as a reference sign last time by which updating storage is carried out by 
this ] 

[Claim 25] The turbo receiver according to claim 24 which a soft decision transmitting symbol is 
inputted and is equipped with the comparator in comparison with a threshold, and the selection 
section in which it is controlled by the output of the comparator and the soft decision 
transmitting symbol in a hard decision transmitting symbol stores the thing more than a 
threshold in the symbol storage section last time. 

[Claim 26] the logarithm of N individual by which the output was carried out [ above-mentioned ] 
— a turbo receiver given in claim 20 thru/or any of 25 they are. [ which is characterized by 
having the decoder of N individual with which a likelihood ratio is supplied, respectively, and 
acquiring the prior information on the above-mentioned N individual from the output of the 
decoder of the above-mentioned N individual ] 

[Claim 27] the logarithm of N individual by which the sending signal of the above-mentioned N 
individual is a signal transmitted from the transmitter of N individual, respectively as a sequence 
of juxtaposition of one information sequence of N individual, and the above-mentioned output is 
carried out — with the juxtaposition-serial transducer which changes a likelihood ratio into a 
serial sequence the logarithm of the above-mentioned serial sequence — a turbo receiver given 
in claim 20 thru/or any of 25 they are. [ which is characterized by having the decoder into which 
a likelihood ratio is inputted, and the serial-parallel transducer which changes the prior 
information on the above-mentioned decoder into the juxtaposition sequence of N individual, and 
acquires the prior information on the above-mentioned N individual ] 

[Claim 28] The channel value as a line characteristic of an input signal is presumed from an input 
signal and the known signal as a reference sign. In the receiving approach of processing an input 
signal using the presumed channel value, performing decode processing to the processed signal, 
repeating processing and decode processing in which the channel value which carried out 
[ above-mentioned ] presumption to the same input signal was used, and performing them The 
turbo receiving approach characterized by determining the probability of the decoded hard 
decision information symbol from the value of the soft-decision information symbol, and a 
probability using it for the reference sign of next channel presumption of the hard decision 
information symbol beyond a predetermined value. 

[Claim 29] The turbo receiving approach according to claim 28 characterized by including the 
process which calculates sigma2 I (sigma2 is the variance of Gaussian distribution and I is a unit 
matrix) for every above-mentioned repeat as a covariance matrix of the noise component within 
the receiving vector y (k). 

[Claim 30] The covariance matrix U of the noise component within the input-signal vector y (k) 
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for every above-mentioned repeat Presumed channel matrix hf and input-signal vector y (k) are 
used lT=sigmak= — 0 Tr (y(k)-hT-B (k)) and (y(k)-H~-B (k)) HB (k) =[bT — (k+Q -1) bT (k) — 
bT] (k-Q +1) Tb(k+q) =[b1 —(k+q) bN] (k+q) T (q=-Q+1 — CM) 

For Tr, bN (k+q) is the reference sign which the above-mentioned known signal and the above- 
mentioned probability become from b1 from the hard decision information symbol beyond a 
predetermined value (k+q), and the turbo receiving approach according to claim 28 characterized 
by including the process which is the reference-sign length and calculates **: 
[Claim 31] It is the turbo receiving approach given in any of claims 28-30 characterized by the 
repeat of processing and decode processing in which the channel value which carried out 
[ above-mentioned ] presumption was used being a repeat of the channel value which carried 
out [ above-mentioned ] presumption determining a linear equalization filter, processing an input 
signal with the linear equalization filter, and decoding the processed signal they are. 
[Claim 32] The repeat of processing and decode processing of having used the channel value 
which carried out [ above-mentioned ] presumption is the turbo receiving approach of a 
publication [ be / they / any of claims 28-30 ] of carrying out what it is the repeat of carrying 
out lake composition processing of compensating the phase rotation which is lake composition 
processing circles and each symbol received in the transmission line with the channel value 
which carried out [ above-mentioned ] presumption, and decoding the signal by which lake 
composition processing was carried out by the turbo decoder as the description. 
[Claim 33] The repeat of processing and decode processing in which the channel value which 
carried out [ above-mentioned ] presumption was used is the turbo receiving approach given in 
any of claims 28-30 characterized by being the repeat of setting up the weight which determines 
antenna directional characteristics with the channel value which carried out [ above-mentioned ] 
presumption to an adaptive array antenna receive section, and decoding the output of an 
adaptive array antenna receive section by the turbo decoder they are. 

[Claim 34] The turbo receiving approach according to claim 33 carried out [ performing lake 
composition processing compensated with the channel value which carried out / above- 
mentioned / presumption of the phase rotation from which each symbol received the output of 
the above-mentioned adaptive array antenna receive section in the lake composition processing 
department in the transmission line, and supplying the signal by which lake composition 
processing was carried out to the above-mentioned turbo decoder, and ] as the description. 
[Claim 35] The channel value which is the line characteristic of an input signal is presumed from 
an input signal and the known signal as a reference sign. In the receiver which processes an 
input signal using the presumed channel value, performs decode processing to the processed 
signal, repeats processing and decode processing in which the channel value which carried out 
[ above-mentioned ] presumption to the same input signal was used, and performs them The 
means which the probability of the decoded hard decision information symbol determines 
whether to be beyond a predetermined value, and the value of the soft-decision information 
symbol determines by whether it is more than a threshold, The turbo receiver characterized by 
having the symbol storage section last time the updating storage of the contents of storage 
carried out by the hard decision information symbol determined are probable, and using the 
contents of storage of the symbol storage section last time as a reference sign of next channel 
presumption. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is applied to mobile communication and relates the 
waveform distortion based on interference to the turbo receiving approach of having applied the 
turbo sign technique and of performing identification repeatedly, and its receiver. 
[0002] 

[Description of the Prior Art] The technical problem of a mobile phone service is [ how J quality 
on the limited frequency, and it is in whether the system which can own many users is built. 
There is a multi-input multi-output (Multi-Input Multi-Output:MIMO) system as a means to solve 
such a technical problem. This system configuration as shown in drawing 3030 A From two or 
more transmitters S1-SN to this time of day Symbol c1(i) -cN(i) is transmitted on this 
frequency, respectively. These sending signals A MIMO receiver equipped with two or more 
antenna #1 - #M receives, and a MIMO receiver processes an input signal, presumes transmitting 
symbol c1(i) -cN(i) of each transmitters S1-SN, and outputs it to an output terminal Out1 - 
OutN separately as d~ (i) - cN~ (i). 

[0003] Examination about the concrete construction of the MIMO receiver in a MIMO system is 
not fully performed the place to current, the number of multi-passes with which N and the 
transmitted electric wave of each transmitter reach a MIMO receiver in the number of 
transmitters when performing the configuration of the MIMO receiver in a MIMO system based 
on a MLSE (maximum likelihood estimation) norm — the computational complexity of Q, then a 
MIMO receiver — 2(CM) N a digit — becoming — several transmitters — the computational 
complexity will become immense with the increment in N and the number Q of multi-passes. 
Moreover, when receiving that to which the information on a single user was transmitted as two 
or more parallel signals, much computational complexity is needed for separating each parallel 
signal with the increment in the number of multi-passes. Then, although this invention proposes 
the turbo receiving approach of two or more sequences signal with sufficient count 
effectiveness, it explains the turbo receiver to the existing single user which becomes origin of 
this invention first (one transmitter), i.e., 1 sequence sending signal. 

[0004] turbo ****** for single users — the example of a configuration of the transmitter in this 
case and a receiver is shown in drawing 31 . In a transmitter 10, after coding of information 
sequence c (i) is performed by the encoder 1 1 and the interleave (rearrangement) of the coding 
output is carried out by INTARIBA 12, a carrier signal is modulated with a modulator 13 and the 
modulation output is transmitted. This sending signal is received by the receiver 20 through a 
transmission line (each channel of a multi-pass). Identification of a delay wave is performed by 
the ************ (SISO:Single-Input-Single-Output) equalizer 21 in a receiver 20. Generally an 
input signal is changed into baseband, and the input signal of that baseband is sampled on the 
frequency of 1 time or more of the frequency of the symbol signal of the information sequence 
of a sending signal, and the input of this equalizer 21 is changed into a digital signal, and is 
inputted into an equalizer 21 as an input signal of a digital signal. 

[0005] Reception output [ in / in the case of a single user, N= 1 is hit in drawing 30 A, and / 
each receiving-antenna #m (m= 1, 2, — , M) ] rm (k) = sigmaq=0 Q-1 hm (q) -b(k-q)+vm (k) (1) 
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It can express. For m f an antenna index and h are [ a user's (transmitter 1) transmitting symbol 

and vm (k) of a channel value (transmission-line impulse response: line characteristic) and b (k-q 

+1) ] the thermal noise inside a receiver 20. And the output from all antenna #1-#M is expressed 

as a vector of a formula (2), and it is a formula (3). 

Kk) = [rl'OO r2 (k) — rM (k)] T (2) 

= sigmaq=0 Q-1 H (q) -b(k-q +1) +v (k) (3) 

A definition is given, here — v (k) = — [ — v — one — ( — k — ) — v — two — ( — k — ) — vM 
— (— k — ) — ] — T — (4) 
H (q) = Oil (q) — hM (q)] T (5) 

It comes out. Moreover, []T A transposed matrix is expressed. Next, the following vectors and 

matrices are defined in consideration of several Q of a multi-pass (channel). 

[0006] 

y(k) ** [rT rT (k+Q -1) — (k+Q -2) rT (k)] T (6) 
**H-b (k) +n (k) (7) 
It is here and is [0007]. 
[Equation 13] 

~H(0) H(Q-l) 0 

(8) 



H = 



H(o> - H(Q-i) 



[0008] However, b(k-q) =[b(k+Q -1) b(k+Q -2) — b (k-Q +1)] T (9) 
n (k) = [vT vT (k+Q -1) —(k+Q -2) vT (k)] T (10) 

It comes out. the logarithm of the probability for r (k) which the top defined to be inputted into 
an equalizer 21, for this SISO equalizer 21 to be a linear equalization machine, and for each 
coding bit {b (i)j to be +1 as that identification output, and the probability which is -1 — a 
likelihood ratio lambda 1 (LLRLog-LikelihoodRatio) is drawn. 
[0009] 

[Equation 14] 

A rhrL11 1nr Pr[b(k) = +l|y(k)] 

Al[b(k)1 - l0S Pr[b(k) = -i|y ( k)] 

= X,[b(k)] + X p 2 [b(k)] (12) 

[0010] It comes out. It is lambda 1 here, [b (k)] is the external information and Iambda2p which 
are sent to the consecutive decoder 24. [b (k)] is prior information given to an equalizer 21. a 
logarithm — likelihood ratio lambda 1 [b (k)] — prior information lambda 2 [b (k)] is subtracted 
with a subtractor 22, and is further supplied to the SISO channel decoder 24 through 
DEINTARIBA 23. this decoder 24 — a logarithm — a likelihood ratio lambda 2 and [001 1] 
[Equation 15] 

A, 1 b(,)]^ O g Pr "" i >^ 1|X 'P" i >'' i ° 0 --' B -' ] (13) 
21 WJ S Pr[b(i) = -l|X 1 [b(i)],i = 0,...,B-ll 

B : y \y— Aft 
«A, 2 lbfi)] + ^[b(i)] (14) 

[0012] It computes. It is lambda 2 here, [b (i)] is Iambda2 p to an equalizer 21 in the case of a 
repeat. It is the external information given as [b (k)], and is lambda 1. [b (k)] is prior information 
lambdal p to a decoder 24. It is given as [b (i)]. lambda 2 [b (i)] is lambda 1 with a subtractor 25. 
[b (i)] is subtracted and an equalizer 21 and a subtractor 22 are supplied through INTARIBA 26. 
Thus, identification and decode are performed repeatedly and improvement in an error rate is 
attained. Next, calculation of the linearity filter shape given to receiving vector y (k) as a detail 
of the equalizer 21 of the preceding paragraph is described, prior information Iambda2 p of an 
equalizer 21 [b (k)] — using — soft decision symbol estimate b'(k) =tan h[ — Iambda2 p — [b 
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(k)]/2](15) 

It computes. And replica H-b[ of an interferent component, i.e., an interferent component, J UO 
is reproduced using this estimate and the channel matrix H, and it subtracts from an input signal. 
It is got blocked. y'(k) **y(k)-H-b' (k) (16) 
= H-(b(k)-b'(k))+n(k)(17) 

It is here. b'(k) = [b'(k+Q -1) —0 — b' (k-Q +1)] T (18) 

It calculates. Since replica H-b[ of an interferent component ] ' (k) is not necessarily an exact 
replica, it cannot remove an interferent component completely by the formula (16). Then, it asks 
for linearity filter factor w (k) which erases the remainder of an interferent component by the 
following MMSE (2nd [ an average of ] power error of the minimum) norms. 
[001 3] 

w(k) =arg min ||wH (k) and y'(k)-b(k) ||2 (19) 

H expresses conjugation transposition and is ||. || expresses a norm. It asks for w (k) which 
makes a formula (19) min. the following derivation of w (k) — reference: — it is indicated by 
Daryl Reynolds and Xiaodong Wang and "LowComplexity Turbo-Equalization for Diversity 
Channels" (http:/ee.tamu.edu/reynolds/). There is drastic reduction of computational complexity 
as main achievement matters of this technique. The computational complexity of the 
conventional MLSE mold turbo is 2Q-1. This technique is Q3 to having been proportional to 
order. It is stopped by order. In addition, wH (k) -y' (k) is the output of an equalizer 21 and is 
lambda 1 after this, [b (k)] is calculated, a decoder 24 is supplied through DEINTARIBA 23, and a 
decode operation is performed. 

[0014] In order to perform identification processing in an equalizer 21, it is necessary to presume 
the channel value h (transmission-line impulse response) in a formula (1). Below, presumption of 
this channel value is described as channel presumption. Channel presumption is performed using 
the training sequence remembered to be the input signal of known training sequences, such as 
unique WORD sent to the head section in one frame. If the precision of channel presumption is 
bad, identification processing with an equalizer 21 will not be performed correctly. Although what 
is necessary is just to enlarge the rate that the training sequence in one frame occupies the 
precision of channel presumption to make it high, if it is made such, the transmission efficiency 
over original data will fall. Therefore, to make small the rate that the training sequence in one 
frame occupies, and to raise channel presumption precision is desired. 

[0015] This has the same problem in the channel presumption in not only the receiver to the 
multi-sequence sending signal containing MMO but a lake (RAKE) receiver, or the receiver 
which raises the probability of a decode result by decode processing repeatedly also in the 
receiver using an adaptive array antenna. 
[0016] 

[Problem(s) to be Solved by the Invention] The above-mentioned turbo receiver has the 
following technical problems. 

- It is correspondence of only the sending signal of a single user (one set of transmitter), i.e., 
one sequence. 

- In case an interferent component is reproduced, a channel value (matrix H) is required, and in 
case it is mounting, it is necessary to presume this. 

The presumed error will degrade the effectiveness of identification repeatedly. 
[0017] The purpose of this invention is to provide below with the turbo receiving approach which 
extended this object for reception to the receiver to two or more transmitting sequence signals, 
such as multiuser and single user juxtaposition transmission, and its receiver so that it may 
compensate these two points. Moreover, other purposes of this invention presume the channel 
value of an input signal from an input signal and the known signal as a reference sign. In the 
receiving approach of processing an input signal using the presumed channel value, performing 
decode processing to the processed signal, repeating processing and decode processing in which 
the channel value which carried out [ above-mentioned ] presumption was used to the same 
input signal, and performing them It is in offering the turbo receiving approach that a short 
paddle known signal can perform channel presumption with a sufficient precision comparatively, 
and its receiver. 
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[0018] 

[Means for Solving the Problem] This 1st invention is the turbo receiving approach of receiving 
the sending signal of N sequence (N is two or more integers). M input signals rm (m= 1 , — , M) f 
From the known signal of N sequence, the channel value hmn (q) f and (n= 1, — ,N) are 
calculated. Prior information lambda 2 on N sequence acquired by decode It is based on [bn (k)] 
and is soft decision transmitting symbol bn. It asks for (k). The channel value hmn (q) and soft 
decision transmitting symbol b'n Interferent component H-B' (k) made by sending signals other 
than the sending signal of the intersymbol interference which the sending signal of n sequence 
eye itself makes, and n sequence eye is calculated using (k), and it is here, and is [0019]. 
[Equation 16] 

"H(0) >H(Q-1) 0 

H = 

H(0) - H(Q-i) 
*Mi(q) - kiNfa) " 



H(q) = 



[0020] B' (k) =[bT (k+Q -1) — bT (k) — bT(k-Q +1)]Tb'(k+q) =[b'1 (k+q) b'2 — (k+q) b'N (k+q)] 
Tq=Q -1 .... -Q+1 It is b'(k) =[b'1 at q!=0. (k) — 0 — b'N [ (k)] T The zero of the element of (b'(k) 
by q= 0 n-ths), ] Q is the number of the multi-passes of each sending-signal electric wave, q= 0, 
— , Q-1 , and □. T expresses a transposed matrix. 

[0021] this intersymboHnterference H-B* (k) — from receiving vector y (k) — deducting — 
difference — it asks for vector y' (k). 

here — y — (— k — ) — = — [— rT — rT (k+Q -1) ~ (k+Q -2) — rT — (— k — ) — ] — Tr — 
(_ k _) _ = _ [_ r _ one — (— k — ) — r — two — (— k — ) — rM — (— k — ) — ] — T 
— a channel — a matrix — H — or — a reference sign — using — difference — for removing 
the residual interferent component in vector y f (k) adaptation filter coefficient wn to the input 
signal of the sending signal of n sequence eye (k) — asking — difference — vector y' (k) — the 
above-mentioned adaptation filter factor wn as the input signal [ as opposed to / carry out 
filtering by (k) and / the sending signal of n sequence eye ] by which interference removal was 
carried out — the logarithm of n sequence — a likelihood ratio is obtained, the logarithm of 
these N sequence — it decodes using a likelihood ratio. 

[0022] the — two — invention — depending — if — the — one — invention — setting q 
= _ zerD _ a case _ b >( k ) =[b'1 (k) — Kb'n (k)) — b'N (k)] Tb' (k) — an element — f (bn (k) is 
the n-th) f ( ) is f(0) =0 and d{f (characterized by considering as the function which makes a 
variable b'n (k) which fills bn (k)}/d{b'n (k)} >=0.). According to the 3rd invention, identification 
processing is divided into two or more steps, and is performed, and the latter part lessens the 
number of the sequences of an identification output. 

[0023] According to this 4th invention, the channel value of an input signal is presumed from an 
input signal and the known signal as a reference sign. In the turbo receiving approach of 
processing an input signal using the presumed channel value, performing decode processing to 
the processed signal, repeating processing and decode processing in which the channel value 
which carried out [ above-mentioned ] presumption was used to the same input signal, and 
performing them The probability of the decoded hard decision information symbol is determined 
from the value of the soft-decision information symbol, and the probability uses it for the 
reference sign of next channel presumption of the hard decision information symbol beyond a 
predetermined value. 
[0024] 

[Embodiment of the Invention] The example of the MIMO structure of a system by which this 
invention is applied to 1st invention (1) drawing 1 is shown. Transmitter S1 of N individual of a 
transmitting side — It sets to each of SN and is the information sequence d. (i) — cN (i) is 
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encoded by the encoder 1 1-1 , — . 1 1-N, respectively. A modulator 1 3-1 , — , 1 3-N are supplied 
as a modulating signal through INTARIBA 12-1. — . 12-N, a carrier signal is modulated by these 
modulating signals, and these coding output is a signal b1 . (k), — , bN It is transmitted as (k); That 
is, sending signal b1 from Transmitters SI. — . SN (k), — , bN It is the case where (k) is the 
sending signal of N sequence. 

[0025] Input-signal r (k) received by the multi-output receiver through the transmission line 
(channel) is inputted into the multi-output equalizer 31, and the signal received by the receiver is 
changed into baseband signaling, and the baseband signaling is sampled, for example with one 
half of the periods of the symbol period, is changed into a digital signal, and is inputted into an 
equalizer 31 as the digital signal. Moreover, let this digital signal be one or more integers [ M ]. 
For example, let the input signal from M antennas be the input signal of M digital signals, the 
logarithm of an equalizer 31 to N individual — likelihood ratio lambda 1 [b1 (k)], — , lambda 1 [bN 
(k)] is outputted. lambda 1 [b1 (k)], — , lambda 1 [bN (k)] is the prior information lambda 1, 
respectively. [b1 (k)], — , lambda 1 [bN (k)] is subtracted by the subtractor 22-1, — , 22-N, 
respectively. Through DEINTARIBA 23-1, — , 23-N, it is inputted into the ************ (SISO) 
decoder (channel decoder) 24-1, — , 24-N, respectively, and decodes, a decoder 24-1, — , the 
decode information sequence c'1 from 24-N (i), — , c'N while (i) is outputted — a logarithm — 
likelihood ratio lambda 2 [b1 (i)], — lambda 2 [bN (i)] is outputted, respectively, lambda 2 [b1 (i)]. 
— , lambda 2 [bN (i)] is lambda 1 by the subtractor 25-1, — , 25-N. [b1 (i)]. — , lambda 1 [bN (i)] 
is subtracted, respectively. Furthermore. INTARIBA 26-1, — , 26-N are led, respectively, and it is 
lambda 2. [b1 (k)], — , lambda 2 The multi-output equalizer 31 and a subtractor 22-1, — , 22-N 
are supplied as [bN (k)], respectively. 

[0026] Input signal rm from multiuser (two or more transmitters) (k), and (m= 1 , — , M) are an 
input of an equalizer 31 . rm (k) =sigmaq=0 Q-1 sigman=1 N hmn(q) and bn+(k-q) vm (k) (20) 
It becomes what was added by the multiple user. q= 0, — . Q-1, and Q are y(k) **[rT rT (k+Q -1), 
if the number of the multi-passes of each transmitted electric wave and the same procedure as 
the case of a single user define vector y (k). — (k+Q -2) It is rT (k). 
]T (21) 



= H-B (k)+n (k)(22) 
here — Kk)=[r1(k)- 
[Equation 17] 
"H(0) • -H(Q-l) 

H = 



rM(k)] T [0027] 



H(0) 



H(Q-l). 



(23) 



However, [0028] 
[Equation 18] 

'bn(q) ••• hiN(q) 



H(q) = 



(24) 



[0029] 

B(k) =[bT (k+Q -1) — bT (k) — bT (k-Q +1) 
]T(25) 

b(k+q) = [b1 b(k+q)2 ~(k+q) bN] (k+q) T q=Q -1 , Q-2, — , -Q+1 (26) 

It becomes. Next, in an interference removal step, it is assumed that the signal from the n-th 
user (transmitter) is a request now. the compound thing with interference which the signal of 
interference and the n~th user by the signal of users other than the n-th itself makes from this 
example using the soft decision symbol estimate of the signal from all users (transmitter), and 
the channel matrix (transmission-line impulse response value matrix) H, i.e., interference replica 
H-B', (k) — reproducing — as follows — y (k) to this interference replica — subtracting — 
difference — vector y' (k) is generated. 
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[0030] 

y'(k) **y(k)-H-B' (k) (27) 
= H-(B(k)-B' (k)) +n (k) (28) 

It is here. B'(k) = [b'T(k+Q -1) — b'T(k) — b'T (k-Q +1)] T (29) 

and — b'(k+q) =[b'1 b(k+q) '2 — (k+q) b'N] (k+q) T : q=Q -1, — -Q+1, and q!=0 (30) 
b'(k) = [b'1 (k) —0 — b'N (k)] T : q= 0 (31) 

Zero in the element of b' (k) is the n-th. b'n (k) is b'n like a formula (1 5). It is the soft decision 
transmitting symbol estimate which calculated and calculated (k) =tan h [Iambda2 [bn (k)]/2]. 
Vector B' (k) is the replica vector of an interference symbol. 

[0031] Next, n-th filter factor wn for users for erasing the interference remainder based on the 
remainder of an interferent component, i.e., the incompleteness of interferent component replica 
H-B' (k), and the interferent component which the signal of the n^th self makes wn which makes 
the following formulas (32) min for (k) It asks for (k) by the MMSE (2nd [ an average of ] power 
error of the minimum) norm. 

wn (k) =arg min ||wn H (k) and y'(k)-bn (k) ||2 (32) 

The following actuation is the same as that of the case of a single user. That is, calculated wn 
(k) is used and it is wn H. (k) -y' (k) is calculated, DEINTARIBA 23-n is minded for the count 
result, and it is lambda 1 . As [bn (01 it inputs into decoder 24-n and a decode operation is 
performed. 

[0032] It asks for filter (linear equalization) processing from the input signal rm by the above 
approach from a user 1 to N. As a result, the number of outputs of an equalizer 31 serves as N, 
and these outputs are decoded by each decoder 24-1, — , 24-N. The above is the escape for the 
multiuser (MIMO) of the turbo receiver for single users. From the above explanation, the example 
of a functional configuration of the multi-output equalizer 31 comes to be shown in drawing 2 . 
Receiving vector y (k) is generated by the receiving vector generation section 31 1, and M input 
signals rm (k) are supplied to the identification section 31 2-1 for every user - 31 3-N. Moreover, 
the channel matrix H calculated in the channel presumption machine 28 is supplied to the 
identification section 312-1 - 312-N. The prior information lambda 2 from each channel decoder 
24-n [bn (k)] is inputted into the soft decision symbol presumption section 313, and it is soft 
decision transmitting symbol estimate b'n, respectively, (k) =tanh [Iambda2 [bn (k)]/2] is 
calculated. The functional configuration and processing in the identification section 312-1 - 312- 
N are the same, are represented with the identification section 312-1, and are explained. 
[0033] Furthermore, it is the estimate b'1 of a soft decision transmitting symbol, (k) - b'N (k) The 
interference replica vector generation section 314-1 is supplied, and it is the interference replica 
vector B'1 by formula (29) - (31). (k) is generated, this vector B'1 filtering of the (k) is carried 
out according to the channel matrix H in the filtering section 315-1 — having — interference 
replica component H-B' of that result — 1 (k) — the difference operation part 316-1 — 
receiving vector y1 it deducts from (k) — having — difference — vector y'1 (k) is generated. 
[0034] The filter coefficient presumption section 31 7-1 is asked for the filter factor w1 the 
channel matrix H or for a reference sign being inputted so that it may mention later, and 
removing the remainder of said interferent component (k) at least. Filter factor w1 to which the 
channel matrix H from the channel presumption machine 28, covariance sigma2 of a noise 
component, the soft decision transmitting symbol b'1 from the soft decision symbol generation 
section 313-1 (k) - b'N (k) are inputted into the filter factor presumption section 317-1, and 
make a formula (32) min in this example (k) is called for by the 2nd [ an average of] power error 
norm of the minimum. This filter factor w1 The concrete processing which asks for (k) is 
described later, the adaptation filtering section 318-1 — difference — vector y'1 (k) — filter 
factor w1 as the identification output of an input signal [ as opposed to / it is processed by (k) 
and / the sending signal from a user 1 ] — lambda 1 [b1 (k)] is outputted. 

[0035] Moreover, the procedure of the multi-input multi-output turbo receiving approach of the 
example of this invention mentioned above is shown in drawing 3 . They are input-signal r (k) and 
each training signal bn at step S1. Covariance sigma2 of the channel value hmn (q) and a noise 
component are calculated from (k). The channel matrix H is calculated from the channel value 
hmn (q) at step S2. Each prior information lambda 2 acquired by the last processing in turbo 
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reception at step S3 [bn (k)] to soft decision transmitting symbol estimate b'n (k) =tanh (Iambda2 
[bn (k)]/2) is calculated. 

[0036] Receiving vector y (k) is generated from input-signal r (k) by step S4, and it is each soft 
decision transmitting symbol estimate b'n at step S5. (k) is used and it is interference replica 
vector B'n by formula (29) - (31). Interferent component replica H-B'n [ as opposed to / 
generate (k) and / the input signal from the n~th transmitter at step S6 ] (k) is calculated, step 
S7 — receiving vector y (k) to interferent component replica H-B'n (k) — deducting 
difference — vector y'n It asks for (k). Multiplier wn of a filter for the channel matrix H f and the 
soft decision transmitting symbol b'1 (k) - b'N (k) and covariance sigma2 of a noise component 
to remove the residual interference in the input signal from the n-th transmitter at step S8 It 
asks for (k) by the 2nd [ an average of ] power error norm of the minimum which makes a 
formula (32) min. 

[0037] step S9 — difference — vector y'n (k) — receiving — filter factor wn filtering by (k) — 
carrying out — a logarithm — likelihood ratio lambda 1 [bn (k)] is obtained, step S — 10lambda1 
[bn (k)] to prior information lambda 2 the day interleave after subtracting [bn (k)] — giving — 
further — decode — carrying out — a logarithm — likelihood ratio lambda 2 [bn (k)] is 
outputted. These step S4-S10 are processed being simultaneous or one by one about n= 1 - N. 
then — if it investigates whether the count of decode of turbo reception, i.e., a count, turned 
into a predetermined number at step S1 1 and does not have a predetermined number — step 
S12 — a logarithm — likelihood ratio lambda 2 [bn (k)] to external information lambda 1 [bn (k)] 

— subtracting — the result — an interleave — carrying out — prior information lambda 2 In 
quest of [bn (k)], it returns to step S3. When decode is a count of predetermined at step S1 1, 
the decode result at that time is outputted at step S13. 

[0038] Next, the channel presumption section 28 is described. Each input signal rm (k) can be 
expressed with a degree type. 

rm (k) =sigmaq=0 Q-1 sigman=1 N hmn(q) and bn+(k-q) vm (k) (33) 

The channel presumption section 28 is the value and Noise vm of hmn (q) of a channel value 
(transmissionHine impulse response) in a formula (33). It asks for the mean power (*#sigma2) of 
(k). Usually, a transmitting side inserts unique WORD (training signal) known with a receiver at 
the beginning of each transmitting frame, as shown in drawin g 4 A, and the receiver presumes 
the channel value hmn (q) using RLS (recursive least square method) etc. by making the unique 
WORD (known signal) into a training sequence, the logarithm from each channel decoder 24-1, - 

- 24-N — likelihood ratio lambda 2 [b1 (i)], — , lambda 2 About each of [bN (i)] If it is forward 
and negative about +1,-1, respectively Decode code-signal (transmitting coding symbol hard 
decision value) b1~ (i), It outputs as — and bN~ (i) and these b1~ (i), — , bN~ (i) are repeatedly 
inputted into the channel presumption machine 28 through INTARIBA 27-1 , — , 27-N. While 
input-signal r (k) is inputted into the channel presumption machine 28, unique WORD is inputted 
as a reference sign from the unique WORD storage section 29. The channel presumption 
machine 28 presumes each hmn (q) of a formula (33), and each value of sigma2 with the least 
square method based on the these-inputted signal. This presumption can be performed by the 
same technique as presumption of the impulse response in the case of presuming the impulse 
response of a transmission line and equalizing an input signal accommodative with an adaptation 
filter. 

[0039] Thus, although the technique usually used uses a training sequence, it is necessary to 
make small the rate that the unique WORD in one frame occupies to gather a net transmission 
speed then, and the error of channel presumption increases. And the property of the repeat 
identification of the above [ the error ] will be degraded. Then, it is good to perform repeat 
presumption of a channel value as follows. The concept is shown in drawing 4 B. This also 
intends to presume the channel value repeatedly in each phase of repeat identification 
processing of the same input signal, i.e., repeat processing of turbo reception, and there is. That 
is, although a channel value is presumed to the information symbol sequence after unique WORD 
in the 1st time, using only unique WORD as a reference sign, an input signal is equalized using 
the presumed channel value and a transmitting symbol is presumed The symbol estimate (hard 
decision value) which used the unique WORD as a reference sign, performed channel 
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presumption and was obtained by the last decode processing before identification processing of 
the 2nd henceforth is also used as a reference sign, and performs channel presumption within 
[ whole ] a frame. In this case, it is good to use only the hard decision value judged to be 
probable as a reference sign not using all hard decision values, a hard decision — the logarithm 
from decoder 24-n — likelihood ratio lambda 2 If this is forward using [bn (i)] and it is +1 and 
negative, it is carried out by being referred to as -1. that time — the logarithm — likelihood ratio 
lambda 2 It can be said that the hard decision value is probable, so that the absolute value of [bn 
(i)] is large, for example, a logarithm — 1 when judging likelihood 0.3 to be 1 — a logarithm 1 
when judging likelihood 5 to be 1 is more nearly probable. Then, a threshold is used for below and 
it is the probable hard decision value bn. (i) is selected and how to perform channel presumption 
repeatedly using it is explained. 

[0040] first — the logarithm from decoder 24-n — likelihood ratio lambda 2 [bn (i)] — using 
soft decision value bn of a symbol (i) — bn [(i) =tan h[— lambda 2 — bn G)]/2] 
It asks by carrying out. this actuation — a logarithm — it is to standardize a likelihood value to 1 
and for an absolute value not to exceed 1. Next, the threshold (between 0 and 1) is prepared 
beforehand and it is the soft decision value b'n. It is the hard decision value b~n to what has the 
larger absolute value of (i) than the threshold, (i) is saved, and this is repeated and it uses for 
channel presumption. For example, when a threshold is set as 0.9, it is soft decision value b'n. 
Absolute values are 0.9 or more hard decision value b~n among (i). (i) is sorted out. Hard decision 
value b"n sorted out since the threshold was as high as 0.9 Since it is thought that the 
probability of (i) is high, it is thought that the precision of repeat channel presumption performed 
using these goes up, but in order that the part and the number of symbols sorted out may 
decrease, it is thought that repeat channel presumption precision falls. That is, it is necessary to 
select the optimal threshold between 0 and 1 . Hard decision value b~n sorted out when a 
threshold is temporarily set up with 1 as a supplement Since there is (no i), it will be said that 
channel presumption is not performed repeatedly. Then, although stated later, a threshold is set 
about to 0.2 to 0.8, and is performed. 

[0041] Therefore, transmitting symbol estimate (hard decision value) b"T to the 1st information 
symbol sequence (i), — and the symbol value judged to be probable with the threshold in bN~ (i) 
are memorized in the symbol storage section 32 last time as transmitting symbol estimate from 
the output of INTARIBA 27-1, — , 27-N. In the 2nd repeat identification decode processing of 
input-signal r (k) (input-signal r (k) is memorized in the storage section), perform channel 
presumption using unique WORD first, and an information symbol sequence is received further 
The last symbol storage section 32 to presumed transmitting symbol hard decision estimate b~1 

— f tTN Read the symbol value judged that is probable in (i), and it inputs into the channel 
presumption machine 28. Channel presumption is performed, that is, channel presumption within 
[ whole ] a frame is performed, and it is the estimate hmn (q) and sigma2. It uses and the 
identification and the decode (transmitting symbol presumption) to input-signal r (k) are 
performed. Under the present circumstances, the contents of storage of the symbol storage 
section 32 are updated last time by the symbol value was alike and judged that is probable with 
the threshold in that presumed transmitting symbol. Channel presumption in the case of 
identification and the repeat of decode performs channel presumption within [ whole ] a frame 
like the following by presumption which uses unique WORD, and presumption using that judged 
that is probable in the last presumed transmitting symbol. Identification and decode (transmitting 
symbol presumption) are performed using the presumed channel, and the symbol storage section 
32 is updated last time. In addition, in the symbol storage section 32, it isj:he transmitting 
symbol hard decision value b~1 from a decoder last time [ this ]. (i), — b~N Renewal of direct 
storing of the symbol value judged that is probable with the threshold in (i) is carried out last 
time at the symbol storage section 32, and when using the storage symbol value of the symbol 
storage section 32 last time [ this ], you may make it input into the channel presumption 
machine 28 through INTARIBA 27-1, — , 27-N. 

[0042] By doing in this way, by the repeat, the error of channel presumption can decrease, the 
precision of symbol presumption can improve, and the problem of property degradation by the 
channel presumption error in turbo identification can be solved. Thus, when performing channel 
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presumption in an information symbol sequence using a probable symbol hard decision value, the 
functional configuration shown in drawing 5 is added to each decoder 24-n. a logarithm 
likelihood ratio lambda 2 [bn (i)] is inputted into the soft decision value presumption section 241. 
b'n(i) :=tanh (Iambda2 [bn (i)]) is calculated, and it is transmitting symbol soft decision value b'n. 
(i) is presumed. This value b'n (i) is compared with threshold Th from the threshold setting 
section 243 by the comparator 242, and it is b'n. 0 is outputted for (i) by smallness from 1 and 
Th above Th. on the other hand — a logarithm — likelihood ratio lambda 2^[bn (i)] is inputted 
into the hard decision section 244. lambda 2 Symbol hard decision value b~n set to -1 if [bn (i)] 
was forward and it was +1 and negative (i) is outputted and it is this symbol hard decision value 
b"n. (i) With [ a corresponding symbol soft decision value ] a threshold [ more than ], it is 
outputted, the gate 245 being used as open, the symbol storage section 32 is supplied last time 
through INTARIBA 27-n in drawing 1 , and said symbol under storage is updated. 
[0043] Moreover, the procedure of channel presumption also using a probable symbol hard 
decision value comes to be shown in drawing 6 . Channel presumption by input-signal r (k) and 
unique WORD is first performed at step S1, decode processing investigates whether it is the 1st 
time at step S2, and if it is the 1st time, steps S3-S10 under identification and decode 
processing, i.e., drawing 3 , will be processed using the presumed channel value hmn (q) at step 
S3, step S4 — a logarithm — likelihood ratio lambda 2 [bn (i)] — receiving — transmitting 
symbol hard decision processing — carrying out — hard decision value b~n (i) — asking — step 
S5 — a logarithm — likelihood ratio lambda 2 [bn (i)] — receiving — b'n (i) =tanh (Iambda2 [bn 
(i)]/2) — calculating — transmitting symbol soft decision value b'n (i) is presumed. It \s symbol 
soft decision value b'n at step S6. (i) is correspondence symbol hard decision value b~n by 
whether it is more than threshold Th. The probable thing of (i) is determined and the contents of 
storage in the symbol storage section 32 are updated last time with the probable symbol hard 
decision value at step S7. Next, if it investigates whether the count of decode is a 
predetermined value at step S8 and has not become a predetermined value, it returns to step 
S1. It returns to step S1 in drawing 3 through step S12 in drawing 3 correctly. 
[0044] If judged with decode processing not being 1 time at step S2, it will read from the symbol 
storage section 32 last time by step S9, the last storage symbol, i.e., probable hard decision 
symbol, channel presumption will be performed using this and the information symbol sequence 
of input-signal r (k), and it will move to step S3. In the above, also in processing of the 2nd 
henceforth, unique WORD carried out channel presumption from the initial state as a reference 
sign, and 2nd henceforth may use only the hard decision symbol appropriate for as a 
reference sign. In this case, it investigates whether it is the 1st processing by step S1\ and if it 
is the 1st processing, a channel value is presumed for unique WORD by this and the input signal 
as a reference sign by step S2', and as a broken line shows in drawing 6 , after memorizing that 
presumed channel value and the value of each parameter used for that presumption in the 
storage section by step S3', it will move to the identification of step S3, and decode processing. 
[0045] If it is not the 1st time in step S1\ in advance of channel presumption processing, the 
channel estimate and the various processing parameters which were previously memorized by 
step S4' will be set up, and it will move to step S9. The solution (32) to serves as a degree type 
in a place. 

wn (k) =(HG(k) HH+sigma2 I)-1 and h (34) 

I is a unit matrix and sigma2. It is the internal-noise power (covariance of a noise component) of 
a receiver, and sigma2 I corresponds to the covariance matrix of a noise component, and G (k) 
corresponds to a channel presumption square error. 
[0046] 

G (k) **E [(B (k)-B' (k)) -(B (k)-B' (k)) H] 
= diag [D (k+Q -1), — D (k), — , D (k-Q +1)] 
(35) 

ED expresses an average and diag expresses a diagonal matrix (elements other than the element 
of the diagonal line are zero). Again D(k+q) =diag [1-b'21 (k+q), — , 1~b'2 n (k+b), — 1-b'2 N] 
(k+q) (36) 

At the time of q=Q -1. Q-2, — -Q+1. and q!=0q=0 D(k) =diag [1-b'21 (k), — , 1, — 1-b' 2 N (k)] 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgLejje 



2006/05/26 



JP.2003-152603A [DETAILED DESCRIPTION] 10/28 v> 



(37) 

One in Vector D (k) is the n-th element (it is considering as the signal of a request of the n-th 

user's sending signal). 

[0047] 

[Equation 19] 



h= 



UQ-1) N+n 
^2 r (Q-l) N+n 



Hm-Q.(Q-1)N+h 



(38) 



[0048] That is, h consists of all elements of eye a -(Q-1) N+n train of H of a formula (23). The 
channel matrix H presumed with the channel presumption vessel 28 in the filter coefficient 
presumption section 317-1 of the multi-output equalizer 31 as shown in drawi ng 2 , and noise 
power sigma2 Soft decision transmitting symbol b'1 from the soft decision symbol generation 
section 313-1 (k) - b'N (k) is inputted and the residual interference removal filter factor wn (k) 
calculates by formula (34) - (38). Although an inverse-matrix operation will be performed, as for 
a formula (34), this operation can reduce the amount of operations by using the lemma (Matrix 
Inversion Lemma) of an inverse matrix. That is, a formula (36) and b'each 2 of (37) When all parts 
are approximated to 1, it is D(k+q) =diag[0, — 0] =0. (q!=0) (39) 
D(k)=diag(0, — [1,— 0])(40) 

That is, as for all other elements, only the element of the n line n train in the element of D (k) is 
set to 0 by 1. It is wn if error matrix [ of the formula (35) decided by these formulas (39) and 
(40) ] G (k) is substituted for a formula (34). (k) =(h-hH+sigma2 I)-1 and h (41) 
It becomes, h was defined by the formula (38). 

[0049] By this approximation, it is wn. In order that (k) may not be dependent on k, it becomes 
unnecessary inverse-matrix calculating [ of every discrete time of day k ], and computational 
complexity is reduced. The lemma of an inverse matrix is applied to this formula (41). The lemma 
of this inverse matrix makes the square matrix of (M, M), and C as a matrix (M, N), and makes D 
the square matrix of (N, N) for A and B, and it is A=B~1+CD-1 CH. When expressed, it is the 
inverse matrix of A. (42) A-1=B-BC(D+CH BBC)-1CH B 

It is come out and given. It is set to -1+CD-1CHh(k) -h(k) H =CD-1 CH, sigma2 I=B -1, h(k) 
=CI=D -1, and h(k) H =CH. if this theorem is applied to the part of the inverse-matrix operation 
in a formula (41) — h(k).-h(k) H+sigma2 I=B — If a formula (42) is calculated using this, the 
inverse-matrix operation in a formula (41) can be found. In addition, although the inverse-matrix 
operation (D+CH BBC) -1 is included also in a formula (42), since this inverse matrix serves as 
Scala, it is easily calculable. 

[0050] That is, it is wn in this case, (k) =1/(sigma2+hH and h) h (41-1) It becomes. 1/( ) of the 
right-hand side of this formula is good also as 1, scalar, i.e., since it becomes in fixed numbers. 
Therefore, wn Since it can place with (k) =h, it is w only at h. (k) is determined. What is 
necessary is to input into the filter coefficient presumption section 317-1 in drawing 2 only h 
shown by the formula under channel matrix H (38) from the channel presumption machine 28, as 
a broken line shows. 

[0051] In addition, the approximation by the formula (39) and the formula (40) can lessen 
computational complexity of a formula (34) not only when using the lemma of an inverse matrix, 
but by this approximation. If especially this approximation is performed, and the lemma of an 
inverse matrix is used, the amount of operations can be decreased further and the covariance 
matrix of a noise component will be set to sigma2 I in that case, it is wn as shown in a formula 
(41-1). It can approximate by (k) =h, and becomes unrelated to a covariance matrix, and count is 
simplified further. 

Signal bn detected in the identification processing which subtracts H-B' (k) from receiving 
vector y (k) shown in the 2nd invention (error correction reflection) type (27) The transmitting 
symbol soft decision value of signals other than (k) is the signal bn detected although the error 
correction decode result is reflected. The error correction decode result about (k) is not 
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reflected. Then, processing as follows is desirable. 

[0052] It changes into a degree type, b' (k) (31), i.e., the formula, in a formula (29). 

b _ . _ (_ k _) — = — [— b — ' — one — (— k — ) b — ' — two — (— k - 

b'n - one — (— k — ) f (b'n (k)) b'n — + — one — (— k — ) — b'N — (k) 

(43) 

however, f (b'n (k)) — b'n the function of the arbitration which considers (k) as an input — signal 
bn detected by doing in this way It becomes possible to make an error correction decode result 
reflect also about (k). That is, it is without it is referred to as b'n (k) =0 (the signal which carries 
out **** leak ****** will be emphasized to a noise or an interference signal, and bn (k) can be 
correctly detected by adding the suitable value according to b'n (k).). 

[0053] About f (b'n (k)), it is b'n. The sign of (k) is b'n. It is related to the hard decision result of 
the symbol corresponding to (k), and bn. It is bn, so that the absolute value of (k) is large. It is 
necessary to fulfill the following conditions from the property in which the dependability of the 
hard decision symbol corresponding to (k) is large, b'n When the dependability of (k) =0, i.e., a 
hard decision symbol, is 0, the value of this function f is also 0. namely, — f(0) =0 (44) 
It comes out. Moreover, b'n If the value of (k) is large, the value of Function f will also turn into a 
big value, namely, — dWb'n (k))}/d{b'n (k)} >=0 (45) 

It comes out. As the example of such f (b'n (k)) f(b'n (k)) = alphaxb'n (k) (46) 
Kb'n (k)) = alphaxb'n 2 (47) 

:Mc**********. For example, a constant, then a formula (43) are [ alpha ] easily realizable using a 
formula (46). alpha is 0< alpha<0.6 here. If alpha is made larger than 0.6, a BER (error rate) 
property will deteriorate conversely and a right decode result will no longer be obtained. 
Moreover, carrying out adjustable [ of the alpha ] according to the reliability of a decode result is 
also considered. For example, alpha is set up for every repeat of decode processing. In this case, 
what is necessary is just to enlarge the value of alpha according to the count of a repeat of 
decode processing, in order that the reliability of a decode result may go up so that the count of 
a repeat of decode processing usually increases. Or what is necessary is to judge the reliability 
of the whole frame decoded for every repetition of decode processing, and just to determine the 
value of alpha based on the judgment. How to count the number of hard decision symbols which 
changed for example, the decode result from the time of the last decode as an approach of 
judging the reliability of the decoded frame, as compared with the decode result at the time of 
repeat decode 1 time ago can be considered. Namely, what is necessary is to judge with 
reliability being low, when there are many hard decision symbols which changed, and just to judge 
with reliability being high, when there are few hard decision symbols which changed. 
[0054] Moreover, such b'n It follows on modification of (k) and is the multiplier wn of an MMSE 
(2nd [ an average of ] power error of the minimum) filter. It is desirable to change as follows the 
formula (35) used in case it asks for (k). 
G (k) =E[(B(k)-B' (k)) - (B(k)-B' (k)) 
)H] 

= diag [D (k+Q -1), — , D (k), — D (k-Q +1)] 

It is [0055] from a formula (29) and a formula (31) here. 

[Equation 20] 

b f (k + Q-i)] r bi(k) 



B'fk)- 



b'(k + Q-2) 



b r (k-Q + l) 



b'(k>. 



*2 (*) 



-H*>n (10) 



*N (k) 



[0056] It carries out. The element of the n line n train of D (k) is E [[ (bn (k)+f (b'n (k))) ] and 
[ and] (bn (k)+f (b'n (k))) ] *[ ]*. A complex conjugate is expressed. In a BPSK modulation, this 
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formula turns into a degree type. 

E _ [— bn — (— k — ) — two — + — 2b — n — (— k — ) — f (b'n (k)) — + — f (b'n (k)) — 
two _] _ = _ E — [— bn — two — (— k — ) — ] — + — two — E — [— bn (k) f (bn (k)]+E 

[f(b'n(k)2])) Jf|i u _ 

The average of this 1st term is set to 1. Moreover, bn A formula (37) is as follows when W is 

approximated by b' (k). 

[0057] 

D (k) — =diag[1-b'21(k) 1- b'22(k) — 1-b'2n- 1 (k) — 1+2E[f (b'n (k) b'n (k)) 

]+E[— f (b'n (k)2] — 1-b'2n+1 (k) — 1-b'21 (k) — ]) 

(48) 

For example, D (k) is as follows when f (b'n (k)) is made into a formula (46). 

D — ( — k — ) — = — diag — [— one - b — ' — 21 — (— k — ) one - b — 9 — 22 — (- 

_ k _) one - b — ' — two — n - one — (— k — ) one — + (2 alpha+alpha 2) — b 

_ ■ _ two _ n (— k — ) one - b — ' — two — n — + — one — (— k — ) — 1- 

b'21 00 — ] — (49) 

Thus, when making an error correction decode result reflect in the signal to detect, it is the 
adaptation filter factor wn. It is the sending signal b1 from the 1st transmitter as a signal which 
detects the example of a functional configuration which presumes (k). The case where it is 
referred to as (k) is shown in drawing 7 A. Soft decision transmitting symbol b'1 (k) is inputted 
into the function operation part 331-1, and the function operation f (b'1 00) calculates. ^ 
Moreover, soft decision transmitting symbol b'1 from the decoder of N individual (k) - b'N 00, and 
f (b'1 (k)) are inputted into the error matrix generation section 332-1, and operation generation 
of the error matrix G (k) is carried out by a formula (35), a formula (36), and the formula (48). 
This error matrix G 00, and the presumed channel matrix H and noise power sigma2 It is inputted 
into the filter factor generation section 333-1, a formula (34) is calculated here, and it is the 
adaptation filter factor wn. (k) is presumed. In this case, f (b'n 00) is inputted also into the 
interference replica vector generation section 314-1, and interference replica vector B[ of a 
formula (30) and a formula (43) to a formula (29) ] ' (k) is generated, filter coefficient wn (k) — 
difference — vector y' (k) carries out filtering in the adaptation filter section 318-1 having 
a logarithm — likelihood ratio lambda 1 [b1 00] is obtained. In addition, in the case of the filter 
factor presumption section 317-1 in drawing 2 , the function operation part 331-1 in drawing 7 A 
is omitted, and it is the soft decision transmitting symbol b'1. (k) - b'N (k) will be inputted into 
the error matrix generation section 332-1, and a formula (34) will calculate. 
[0058] Although interference replica vector B' (k) is generated by step S4 in drawing _3 , steps 
S5-S7 are processed further and it asks for the filter factor wn in step S8 (k) When calculating a 
formula (34) in processing of this step S8 As shown in drawing 7 B, it is the soft decision 
transmitting symbol b'1 at step S8-2. (k) - b'N 00 is used. Formula (35) - (37) is calculated, error 
matrix G (k) is generated, and it is error matrix G (k), the presumed channel matrix H, and noise 
power sigma2 at step S8-3. It uses and is the adaptation filter factor wn by the operation of a 
formula (34). It asks for (k). 

[0059] To reflect an error correction decode result in the signal detected as mentioned above 
Soft decision transmitting symbol b'n of a signal to detect by step S8-1 before step S4 in 
drawing 7 B The function operation of the (k) is carried out. What is necessary is to use a 
formula (43) instead of a formula (31), that is, for a formula (29), a formula (30), and a formula 
(43) to generate interference replica vector B' (k), and just to use a formula (48) instead of a 
formula (37) by step S4, step S8-2 using this. As mentioned above, it is f (by the case where it 
considers as alphab'n (k) or alphab'n (k) 2, b'n (k)). When changing alpha, the reliability of the 
count of processing or the decoded whole frame determines alpha by step S8-1-1, and it is 1+(2 
alpha+alpha 2) b'n at step S8-1-2. 2 What is necessary is to calculate and just to use as f (b'n 

(k »- , ■ 

[0060] The technique of making an error correction result reflect in this signal to detect is 

applicable also to the single user turbo receiver explained by the term of the conventional 

technique. Moreover, what is necessary is to be able to apply the approximation shown in a 

formula (39) and (40), and just to input into the filter coefficient generation section 333-1 the 
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matrix h shown in a formula (38) from the channel presumption machine 28 in this case, in the 
technique of making an error correction result reflect in this signal to detect, as a broken line 
shows in drawing 7 A. By it is the adaptation filter coefficient wn. Although it asked for (k) 

by the formula (34), that is, being asked using the channel matrix H, it is not necessary to use 
the channel matrix H. That is, in the 1st time of decode processing (turbo reception), the error 
vector G in a formula (34) serves as a unit matrix, therefore, difference — vector y ? (k), a 
training signal or this, and hard decision transmitting symbol b~n (k) — it mentioned above 
preferably — as — b~n with high reliability (k) — the filter factor generation section 333-1 — 
inputting — RLS (recursive least square method) etc. — applying — serially — a target — 
adaptation filter factor wn (k) may be computed. The error vector G is the adaptation filter 
coefficient wn 2nd after repeat processing of decode, in order to be dependent on the discrete 
time of day k. It is necessary to update (k) for every symbol, as stated previously, the channel 
matrix H is used, and it is the adaptation filter factor wn. It is desirable to determine (k). 
[0061] The 4th invention (channel presumption) 

It repeats, as mentioned above. To channel presumption the hard decision value of not only 
known information like unique WORD but an information symbol, and also using especially the 
probable thing as a reference sign Not only in when using for said multi-input multi-output turbo 
receiving approach, generally Presume the channel (transmission line) of an input signal from an 
input signal and a known signal, decode by processing an input signal using the presumed channel 
value, and the decode signal is used. It is applicable to the turbo receiving approach of 
performing the processing and decode processing by the channel value which repeated and 
presumed the same input signal. 

[0062] The example which also applied the hard decision value of this information symbol to 
channel presumption and the turbo equalizer 41 at drawing 8 is shown. The turbo equalizer 41 
determines a linear equalization filter factor with a presumed channel value, processes an input 
signal with the linear equalization filter, decodes the processed signal, and repeats and processes 
the same input signal using the decode signal. Input-signal r (k) is supplied to the channel 
presumption machine 42 while it is inputted into the turbo equalizer 41. With the channel 
presumption vessel 42, a channel value (line characteristic) is presumed by input-signal r (k) and 
the unique WORD from the storage section 29. Identification processing of the input-signal r (k) 
is carried out by the presumed channel value within the turbo equalizer 41, and after that, while 
decode processing is carried out and decode data c' (i) is outputted, soft decision value b' (i) is 
outputted. By being inputted into the symbol selection machine 43, if the absolute value of soft 
decision value b' (i) is more than threshold Th, soft decision value b' (i) Updating storing of the 
hard decision value b~ (i) is carried out last time as a probable (reliable) thing at the symbol 
storage section 32. In the channel presumption processing in the channel presumption section 42 
at the time of repeating and carrying out reception (equalizing processing) of the future same 
input-signal r (k), not only unique WORD but hard decision value b[ of the information symbol 
memorized by the symbol storage section 32 last time T (i) is used. 

[0063] The turbo equalizer 41 is a part except the symbol storage section 32 the repeat channel 
presumption machine 28 receiving in a plane shown in drawing 1 , the unique WORD storage 
section 29, and last time. You may be a receiver in drawing 29 . That is, the solution (19) to 
serves as the following by the Wiener solution also in this case. 
w(k) =E[y'(k) y'H (k)] and E[b (k) -y (k) 
] 

= [Hlambda(k) H+sigma 2 I] -h (50) 

It is the thing and sigma2 =E [||v||2] (distribution of a noise) as which H was defined by the 
formula (8) here, and h**[H (Q-1), — , H (0)] TH( ) was defined by the formula (5). 
lambda(k) =diag[— 1-b' — 12 (k+Q -1), — , 1, — -b'2] (k-Q +1) 

Thus, also in the receiver in drawin g 29 , presume channel H ( ), it identification filter-factor w 
(k) Asks using this channel H ( ), filtering of the input signal is carried out by filter factor w (k) t 
and decode processing is performed to that processed output. Therefore, in this repeat 
reception, right channel presumption can be obtained more by using a hard decision information 
symbol with said dependability for channel presumption. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



2006/05/26 



JP.2003-1 52603.A [DETAILED DESCRIPTION] 



14/28 v 



[0064] Drawing 9 shows the example of the turbo receiver which applied said repeat channel 
presumption approach to the repeat reception which performs lake (RAKE) composition 
processing. Input-signal r (k) is supplied to the RAKE composition processing section 45 and the 
channel presumption machine 42. A channel value is presumed by input-signal r (k) and unique 
WORD with the channel presumption vessel 42, and compensation over the phase rotation which 
each symbol received in the RAKE composition processing section 45 in the transmission line, 
and RAKE composition processing are performed by the presumed channel value, that is, time 
diversity processing is performed, and the 1st time is outputted to the turbo decoder 46. Decode 
data c' (i) and soft decision value b' (i) are outputted from the turbo decoder 46. Soft decision 
value b' (i) is inputted into the symbol selection machine 43, and like said example, although 
seemingly it is the **, updating storing of hard decision value b[ of an information symbol ]~ (i) is 
carried out last time at the symbol storage section 32. In the repeat reception of RAKE 
receiving-turbo decoding of the 2nd henceforth, not only unique WORD but the hard decision 
value of the last information symbol is used for channel presumption with the channel 
presumption vessel 42. Thereby, since presumption of a channel can carry out to accuracy more, 
improvement in quality can be aimed at. 

[0065] Drawing 10 shows the example of the turbo receiver which used the adaptive (adaptation) 
array antenna and which applied said repeat channel presumption approach to reception 
repeatedly. Input-signal r (k) is received by the adaptive array antenna receive section 47. The 
branching input of the input signal is carried out at the channel presumption machine 42, and 
channel presumption is performed by this and unique WORD. Using the presumed channel value, 
toward the arrival direction of the purpose wave, the main beam of the antenna directional 
characteristics of the adaptive array antenna receive section 47 so that null may be suitable in 
the arrival direction of an interference wave The weight to each antenna element or a 
corresponding receiving path is determined in the array weight decision section 48, and the 
weight is set as an applicable part. The reception output of the adaptive array antenna receive 
section 47 is supplied to the turbo decoder 46, and is decoded, the decode data c (i) and soft 
decision value b' (i) are outputted, soft decision value b' (i) is inputted into the symbol selection 
machine 43, and the updating storage of the probable hard decision value is carried out last time 
at the symbol storage section 32. In the repeat reception of the adaptive array antenna receive 
section 47-turbo decoder 46 of the 2nd henceforth, not only unique WORD but the hard decision 
value of the last information symbol is used for channel presumption with the channel 
presumption vessel 42. Channel presumption is performed more correctly by this, consequently 
control of antenna directional characteristics is performed more to accuracy, and improvement 
in quality can be aimed at. 

[0066] In addition, if the turbo equalizer 41 in drawing 8 is shown simple, as shown in drawing 1 1 
A, it will be the format of the series connection of (SISO) equalizer (equalizer) 

41a and SISO decoder (decoder) 41b, and repeat actuation will be performed between these 
equalizer 41a and decoder 41b. If the turbo decoder 46 in drawing 9 and drawing 10 is shown 
simple, as shown in drawing 1 1 B, it will be the format of the series connection of SISO decoder 
46a and SISO decoder 46b, and decode will be repeatedly performed between decoder 46a and 
46b. Even for a SISO decoder, drawin g 9 R> 9 and the turbo decoder 46 in drawing 10 are. 
[0067] The example shown in the above drawing 8 thru/or drawing 1 0 is collectively shown in 
drawing 12 . That is, it processes with the channel value which repeated the input signal and was 
first presumed with the channel presumption vessel 42 with the receiver (turbo receiver) 49. 
Carry out decode processing of the processed signal, output decode data (symbol) c' (i) and its 
soft decision value b' (i) as the decode processing result, and the soft decision value b' (i) is set 
in the symbol selection vessel 43. As compared with a threshold, that judged whether 
correspondence decode data c' (i) and a (symbol hard decision value) would be probable, and 
judged that is probable carries out updating storing of the hard decision value last time at the 
symbol storage section 32. It is made to perform channel presumption besides known information 
like unique WORD at accuracy to channel presumption in the channel presumption machine 42 in 
the repeat of processing-decode processing using the presumed channel value of the 2nd 
henceforth more also using the last symbol hard decision value. 
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[0068] The example of the procedure of the repeat input-signal approach of also using this 
symbol hard decision value for drawin g 1 3 is shown. A channel value will be presumed with an 
input signal and a known signal at step S1, and it will investigate whether it is the 1st time of 
repeat processing at step S2 f and if it is the 1st time, an input signal is processed with the 
channel value presumed at step S1 by step S3, after that, decode processing will be performed 
and a symbol hard decision value and a soft decision value will be calculated. The last symbol 
hard decision which memorizes to drawing by step S4 and has memorized what has the symbol 
soft decision value to a probable correspondence symbol hard decision value in the storage 
section 32 at step S5 at the taken-out symbol hard decision value is updated. Decode 
processing investigates whether it is a count of predetermined at step S6, and if it is not a count 
of predetermined, it returns to step S1. If it is not the 1st time of repeat processing at step S2, 
the last symbol hard decision value will be read from the storage section 32 at step S7, this and 
the information symbol of an input signal will perform channel presumption, and it will move to 
step S3. 

[0069] As step SV - S4' explained with reference to drawing 6 also in this case, processing of 
the 2nd henceforth does not need to use a known signal. Between the adaptive array antenna 
receive section 47 and the turbo decoder 46, as a broken line shows the example shown in 
drawing 10 , the RAKE composition processing section 45 may be inserted. In this case, channel 
presumption for each symbol phase spin compensation in the RAKE composition processing 
section 45 and RAKE composition may be made to serve a double purpose with the channel 
presumption vessel 42, and may be prepared according to an individual. 

[0070] It processed in the example of the 2nd invention in consideration of the example and 
error correction of the turbo receiving approach (the 1st invention) which carried out the noise 
above-mentioned other than the white nature Gaussian random noise, and the example of the 
turbo receiving approach (the 4th invention) of having the description in the channel presumption 
approach, having assumed that a noise was white nature Gaussian random noise. Namely, input 
signal rm of each antenna vm in the right-hand side of the formula (20) showing (k) (k) is 
assumed in case of white nature Gaussian noise. White nature Gaussian noise follows Gaussian 
distribution, and is E[vm (k) and vm] (k-q) =sigma2 here. : In the case of q= 0, in the case of 0:q! 
=0, ED is expected value and sigma2. It is a variance. It is the signal which has the becoming 
statistical property. The thermal noise which generates white nature Gaussian noise within an 
antenna element is mentioned as an example. It is a filter factor wn that the assumption of this 
white nature Gaussian noise is reflected. It is the part of sigma2 I in the formula (50) which asks 
for the formula (34) which asks for (k), or filter factor w (k). For example, wn of a formula (34) (k) 
and wn (k) =(HG(k) HH+E [n(k) and nH (k)])-1h = (HG(k) HH+sigma2 I) it is computed through a - 
1h process. Here, it is vm. (k) is distributed sigma2. It is calculated with n(k) and E[nH (k)] 
=sigma2 I by assumption called the white nature Gaussian noise which it has. channel matrices H 
and sigma2 presumed by the repeat channel presumption machine 28 ( drawin g.! ) or 42 
( drawing 1212 ) beforehand — a logarithm — error matrix G (k) calculated from a likelihood 
value — a formula (34) — substituting — filter factor wn (k) is computed. 
[0071] In a place, it is Noise vm. The case where (k) is not white nature Gaussian noise is 
considered. In this case, since it cannot be referred to as n(k) and E[nH (k)] =sigma2 I, it is a 
filter factor wn. In order to compute (k), it is necessary to presume expected-value (covariance) 
matrix [ of a noise component ] E [n(k) and nH (k)] by the option. This approach is explained 
below. The covariance matrix of a noise component is written as U**E [n(k) and nH (k)] here. It 
will become a degree type, if y(k) =H~B(k)+n (k) of a formula (22) is transformed with n(k) =y(k)~ 
H-B (k) and it substitutes for a covariance matrix U. 
[0072] 

U=E [n(k) and nH (k)] 

= E [(y(k)-H-B (k)) -(y(k)-H-B (k)) H] 

Now, if B (k) is [ input signal ] available by estimate H~ of the channel matrix H, and the 
reference sign in vector y (k) and channel estimate, Matrix U is a time average method. 
If=sigmak=0 Tr (yOO-H~-B 00) and (y(k)-H~-B 00) H (51) It can presume. Here, Tr is the 
number of reference-sign symbols. 
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[0073] Covariance-matrix IT is presumed with the channel matrix H using a formula (51) during 
the repeat channel presumption machine 28 or repeat channel presumption in 42. The procedure 
is shown in drawing 1 4 . The unique WORD and the information symbol sequence in one frame in 
an input signal are shown in drawing 14 A, and processing of the 1 st henceforth is shown in 
drawing 14 B. The 1st processing makes only unique WORD a reference sign, and presumes the 
channel matrix H first. Next, U is presumed to be unique WORD by the formula (51) using the 
channel matrix estimate H". These estimate U and hf are used and it is a filter factor wn (k). 
wn (k)=(hfG(k)H~H +lf)-1h (52) 

It computes and is this filter coefficient wn. 1 st identification to an input signal is performed 
using (k), and a transmit information symbol is presumed. 

[0074] Among the information symbols presumed to be unique WORD by the 1st identification, 
the 2nd processing re-presumes U, after re-presuming H in the same procedure as the 1st time 
by making into a reference sign both thing * judged that is probable with the threshold. By 
repeating this actuation, for every repeat, channel matrix estimate hf becomes more exact, and 
the estimate of U becomes more exact, and it is a filter factor wn. The precision of (k) goes up 
and the property of an equalizer improves. Turbo reception in case the noise which is not white 
nature Gaussian random noise is included in an input signal by the above processing can be 
performed. 

[0075] as the identification output of the input signal of the sending signal from the 1st 
transmitter of the multi-output equalizer 31 which showed the functional configuration in the 
case of presuming the covariance matrix U of the noise in the input signal mentioned above, and 
performing linear equalization processing in drawing 2 — a logarithm — likelihood ratio lambda 1 
The example applied when asking for [b1 (k)] is shown in drawing 1 5 . The same reference 
number is attached to drawing 2 in drawing 15 , and a corresponding part Last time, the unique 
WORD from the unique WORD storage section 29 or the last symbol hard decision probable from 
the symbol storage section 32 is inputted into the reference vector generation section 319, and 
reference vector B (k) is generated by a formula (25) and the formula (26) here. This reference 
vector B (k), presumed channel matrix H~ from the channel presumption machine 28, and 
receiving vector [ from the receiving vector generation section 311 ] y (k) are supplied to the 
covariance-matrix presumption section 321, a formula (51) is calculated here, and presumed 
matrix IT of a covariance matrix U is obtained. 

[0076] Moreover, the soft decision transmitting symbol soft decision b'1 from the soft decision 
symbol generation section 313-1 (k) - b'n Error matrix G1 to which (k) is inputted into the error 
vector generation section 322-1, and corresponds with a channel presumption square error by 
the formula (35), the formula (36), and the formula (37) here (k) is generated. This error matrix 
G1 (k), presumed covariance-matrix if, and presumed channel matrix hf are supplied to the 
filter presumption section 323-1, a formula (52) is calculated here, and it is a filter factor wl. (k) 
is presumed, this filter coefficient w1 the difference from (k) and the difference operation part 
316-1 _ filtering [ as opposed to / vector y (k) is supplied to the adaptation filter 318-1, and / 
y (k) ] w1 (k) H y' (k) should do — that result — a logarithm — likelihood ratio lambda 1 It is 
outputted as [b1 (k)]. 

[0077] When making an error correction decode result reflect also about the signal to detect As 
a broken line shows in drawing 1 5 , form the function operation part 331-1 shown in drawing 7 
R>7A, and f (b'n (k)) is calculated. What is necessary is to use a formula (43) instead of a formula 
(31) in the interference replica vector generation section 314-1, and just to use a formula (48) 
instead of a formula (37) in the error vector generation section 322-1. The technique shown in 
drawing 14 B is shown in drawing 1 6 as a flow chart. That is, the channel matrix H will be 
presumed using input-signal r (k) and a known signal (for example, unique WORD) at step S1, and 
next, it investigates whether this processing is the 1st time in repeat processing at step S2, and 
if it is the 1st time, it will calculate a formula (51) using a known signal, presumed channel matrix 
hf, and input-signal r (k) at step S3, and will ask for presumed covariance-matrix If . 
[0078] A formula (52) is calculated using error matrix G (k) which becomes presumed channel 
matrix Hf and presumed covariance-matrix Lf with a symbol soft decision value by step S4, and 
it is a filter factor wn. (k) is presumed, step S5 — presumed channel matrix hf and filter factor 
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wn (k) — using — an input signal — identification processing — carrying out — that is, a 
formula (27) — calculating — wn H (k) -y' (k) — calculating — a logarithm — likelihood ratio 
lambda 1 It asks for [bn (k)l decode processing is performed to this, and the hard decision value 
and soft decision value of a transmitting symbol are presumed. 

[0079] Step S6 calculates the probable (it is reliable) symbol hard decision value which 
corresponds from the symbol soft decision value more than a threshold. With this symbol hard 
decision value, the symbol hard decision value stored in the symbol storage section 32 last time 
is updated. Then, if it has not come to investigate whether the count of decode processing 
became a predetermined value at step S8 and is return and a predetermined value to step S1, 
the processing to the receiving frame will be ended. If the processing in repeat processing is not 
the 1st time at step S2 (i.e., if it is 2nd henceforth), a symbol hard decision value will be read 
from the symbol storage section 32 last time by step S9, the channel matrix H will be presumed 
by this and the information symbol in an input signal, and it will move to step S3. 
[0080] 2nd henceforth can be prevented from using a known signal by changing steps S1 and S2 
into the same processing as step SV shown with the broken line in drawing 6 also in this case - 
S4\ Moreover, what is necessary is to perform the function operation f (b ? n (k)) at step S10 into 
drawing 1 6 , as a broken line shows when the signal to detect also wants to make an error 
correction decode result reflected, and just to ask for error matrix G (k) using this result. 
Furthermore, in the case of which, it is not necessary to use a hard decision transmitting symbol 
at presumption of covariance-matrix IT. it is said below that the covariance matrix U of that 
noise in the input signal in which the noise which is not this white nature Gaussian noise was 
included can be presumed — as — various kinds — it is applicable to useful application. 
[0081] (1) The receiving method for the multi-sequence sending signal in which an interference 
signal with a strange receiver is included is mentioned. As shown in drawing 28 , suppose that 
strange interference signal i (k) (for example, signal from the eel and zone of others [ mobile 
communication ]) is received by the turbo receiver in addition to the sending signal of the 
sequence of N individual like the signal from the transmitter of the user of N man whom a turbo 
receiver tends to receive as a broken line shows. At this time, it is a formula (20). rm (k) 
=sigmaq=0 Q-1 sigman=1 N hmn(q) and bn+(k-q +1) i(k)+vm (k) It becomes (20) T . It sets to this 
model and is i(k)+vm. (k) **v'm If (k) rm (k) =sigmaq=0 Q-1 sigman=1 N hmn(q) and bn+(k-q +1) 
v'm (k) It becomes (20) ". v'm As a noise signal which is not white nature Gaussian noise, (k) 
performs presumption of H, and presumption of further U, as stated previously, and it is wn. (k) 
can be presumed and turbo reception can be performed by repeating identification processing of 
an input signal, and transmitting symbol presumption. 

[0082] (2) In the communication system using a transceiver separation filter, in case over 
sampling technique is performed from 1/2 of a symbol period to an input signal at high speed, 
correlation cannot come out between the noise components contained in the input signal by 
which the sample was carried out by each time amount and it cannot be considered that the 
noise in an input signal is white nature Gaussian noise. That is, it sets at a ceremony (20) and is 
E[vm (k) and vm] (k-q) =sigma2. : In the case of q= 0, it does not become the case of 0:q!=0. 
Therefore, the assumption E[n(k) and nH (k)] =sigma2 I Becoming cannot be performed. Then, by 
performing processing to the input signal separated with the transceiver separation filter in quest 
of a covariance matrix U using a formula (51), an input signal can be processed correctly. 
[0083] (3) By the turbo receiving approach mentioned above, all the multi-pass components of Q 
pass from each transmitter (user) are compounded, and it has become constructing, however, 
when a long delay wave exists in a channel (example: — pass — the pass component of 1 
symbol delay, 2 symbol delay, and 30 symbol delay in case it is 3-symbols-delayed, and it flies 
and 30 symbol delay exists), it is possible to take the plan which does not compound a long delay 
wave, but treats it as strange interference, and is removed with an adaptation filter. That is, a 
long delay wave is removable by treating this long delay wave component as interference signal i 
(k) in the example of the above (1). 

[0084] In the processing to the input signal in which the noise which is not the white nature 
Gaussian noise mentioned above was included Presumption of a covariance matrix U is 
presumed instead of sigma2 I in a formula (50). Are applicable also to the single user turbo 
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receiving approach. Similarly A single user, Irrespective of multiuser, it is applicable to the turbo 
reception using the adaptive array antenna reception shown in the RAKE composition processing 
reception shown in drawing 9 , or drawing 10 , channel presumption with the channel [ in / 
repeatedly / decode ] presumption vessel 42 still more generally shown in drawin g 1 2 , and 
presumption with a covariance matrix U. In addition, in RAKE reception, only channel 
presumption may be used. 

[0085] the 3rd invention (multistage identification) **** — input signals r1, — , rM the multi- 
output equalizer 31 — it is — equalizing — a logarithm — likelihood ratio lambda 1 [b (k)] f — , 
lambdaN Although it asked for [b (k)], in the modification (2) of the 1st invention, two or more 
identification stages are prepared in concatenation, and a more nearly latter equalizer is good 
also as a configuration which lessens the number of outputs. For example, as shown in drawing 
17 , by dividing into two for this, with the preceding paragraph equalizer (multiuser equalizer) 71, 
the interferent component outside the identification range of latter single user equalizer 21 ' is 
canceled, therefore pretreatment of software interference cancellation and MMSE (2nd [ an 
average of] power error of the minimum) norm linearity filtering is performed, for example, and 
the numbers of passes shown previously perform identification processing of the single user of Q 
by latter-part equalizer 21 ' after that 

[0086] Thus, identification processing is carried out in concatenation and computational 
complexity can be prevented from becoming immense also by using a linearity filter for 
processing of the preceding paragraph. The example of the MIMO structure of a system to which 
the configuration and this invention of the example based on the underlying concept of the 1st 
invention (2) of this turbo receiving method of a multi-output turbo receiver are applied is shown 
in drawing 18 , the same reference number is attached to drawing 1 and a corresponding part, 
and duplication explanation is omitted (the same is said of the following explanation). The sending 
signal from each transmitter is received through a transmission line (channel) by the turbo 
receiver 30. This input-signal r (k) is inputted into the multiuser equalizer 71. From this equalizer 
71 Signal u1 with which interference by the signal from the transmitter of others [ signal / from 
each transmitter of N individual ] was removed, respectively (k), — and uN (k) and each channel 
value alpha 1 (k), — , alphaN (k) is outputted and it is inputted into the single user equalizer 21-1, 
— , 21 -N, respectively, from these SISO(s) equalizer 21-1, — , 21 -N — respectively — a 
logarithm — likelihood ratio lambda 1 [b1 (k)], — , lambda 1 [bN (k)] is outputted. Although future 
processings are the same as that of the case of drawing 1 R> 1 than this, they are the single 
user equalizer 21-1, — , the channel value alpha 1 used by 21-N. (k), — alphaN (k) is a channel 
value after multiuser identification, and differs from the channel matrix H. Therefore, this alpha 1 
(k), — , alphaN (k) is described as the channel information after identification. 
[0087] Hereafter, actuation of each part is explained. In consideration of several Q of a multi- 
pass (channel), formula (23) - (26) is defined like explanation of drawing 1 . An equalizer [ of the 
latter part in drawing 1 8 ] 21-1, — , according [ 21-N ] to signal symbol (bn (k), and [bn (k-1), — , 
bn] (K-Q +1) (n= 1, — . N)) of each user's self intersymboHnterference channel is equalized. 
Therefore, in the equalizer 71 of the preceding paragraph, processing which removes 
interference other than the above (bn (k), and [bn (k-1), — , bn] (K-Q +1) (n= 1, — , N)) in y (k) is 
performed. The quantitive explanation is given to below. 

[0088] First, a decoder 24-1, — , prior information Iambda2 p of the equalizer 71 fed back from 
24-N It asks for soft decision transmitting symbol presumption b' (k) by the formula (15) using 
[bn (k)] (n= 1, — , N). Next, these soft decision transmitting symbol b ? n Replica H-B[ of an 
interference signal ] ' (k) is created using (k) and the channel matrix H, and it subtracts from 
receiving vector y (k). 

y'n(k) **y(k)-H-B' (k) (27) ' B'(k) =[bT — (k+Q -1) b'T (k) — b'T] (k-Q +1) T H-(B(k)-B' (k)) +n 
(k) and (28) ' — = here (29) — ' — and b'(k+q) =[b'1 b(k+q) '2 (k+q) — bn —(k+q) b'N (k+q)]T : 

q=Q- 1,-1 (53) b'Ck+q) =[b'1 b(k+q) '2 — (k+q) 0 —b'N] (k+q) T : q= 0 and Q+1 (54) 

(The zero in the element of b' (k+q) are the n~th) 

Actuation of subtracting this interference below will be called software interference cancellation, 
y'n (k) which will be obtained after subtraction supposing the replica of an interference signal is 
made ideally is the n-th users symbol bn. (k), A formula (54) shows q= 1, — , that it cannot have 



http://www4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_eije 



2006/05/26 



JP.2003-1526O3.A [DETAILED DESCRIPTION] 19/28 ^— v 

in having set the n-th element of b' (k+q) to 0 by -Q+1 only with the intersymbolHnterference 
component by a user s n-th own symbol [bn (k-1), — , bn] (k-Q +1) of 

[0089] Although the contribution component from the signal of the n-th user (transmitter) within 
the receiving vector r (k) is based on a symbol (bn (k), and [bn (k-1), — , bn] (k-Q +0), it actually 
sees. But So that I may be understood from the definition of receiving vector [ of a formula 
(21) ] y (k) In the contribution component from the signal of the n-th user (transmitter) in 
receiving BEKURUTOy (k) which compounds by the multi-pass and is made, it is the k-th symbol 
bn. This is received if based on (k). Symbol [bn (k+Q -1) of the future, bn (k+Q -2), — , the 
intersymboHnterference component by bn (k+1)] will also be included. That is, the above- 
mentioned interference replica has also included the interferent component from the future, 
thus, the difference of formula (27) ' — vector y (k) — the difference of a formula (27) — it 
differs from vector y' (k). 

[0090] Then, the next step of the preceding paragraph processing in an equalizer 71 is the 
interference surplus component after software interference cancellation, i.e., the residual 
jnterferent component based on said imperfect composition of interference replica H-B' (k), and 
said future intersymbolHnterference component y'n The linearity filter of an MMSE (2nd [ an 
average of ] power error of the minimum) norm removes from (k). That is, filter shape wn y ? n It is 
made for the result of having carried out filtering of the (k) as shown in a formula (55) to become 
equal to channel value alphaln, alpha2n, — , the sum that carried out the multiplication of the 
alphaQn, respectively as the symbol in the signal of the n-th user in an input signal (bn (k), and 
[bn (k-1), — bn] (K-Q +1)). 

wn H (k) and y'n (k) **sigmaq=0 Q-1 alphaq (k) and bn =(k-q) alphan H (k) and bn (k) (55) 
Therefore, this filter shape wn (k) and channel value (channel information) alphan after 
identification What is necessary is just to calculate a formula (55) in quest of (k). It is wn below, 
(k) and alphan The calculation approach of (k) is shown. In addition, filter shape wn (k) is the 
filter factor wn given by the formula (32) and the formula (34). Although it differs from (k), the 
same notation is used for convenience. 

[0091] The above-mentioned solution is defined as a solution of the following optimal problems, 
(wn (k) alphan (k)) =arg min ||wn H (k) and y'n (k) 
- alphan H (k) and bn (k) ||2 (56) 

It is contingent [ on alpha 1n(k) =1 ]. That is, wn from which the right-hand side of a formula (56) 
serves as min (k) and alphan It asks for (k). Constraint alphaln(k) =1 added is alphan. (k) =0 and 
wn It is for avoiding the becoming solution (k) =0. This is ||alphan. Although solving by the 
constraint which becomes (k) ||2 =1 is also possible, below, it is alphaln. The solution in (k) =1 is 
shown. Since it is easy, a problem is replaced as follows. That is, mn which makes the right-hand 
side of a formula (56) min about w and alpha It is defined as (k). 
[0092] 

mn (k) =arg min ||mn H (k) and zn (k) ||2 (57) 

mn H It is contingent [ on (k) and eMQ+1=-1 ]. (alphaln(k) =1 and equivalence) 
here — mn (k) **[wn T (k), -n[ alpha] (k) T] T (58) 
zn (k) **[yn T (k) b(k) n T] T (59) 
eMQ+1=[0— 1— 0]T(60) 

( — the element of one in eMQ+1 is MQ+1st). The solution of this optimization problem is given 
below from reference [2] S.Haykin, Adaptive Filter Theory, and the Lagrange method of 
undetermined coefficients shown in Prentice Hall P.220-P227. 
[0093] 

mn (k) =-RZZ-1 and eMQ+1 /(eMQ+1 H, RZZ-1, and eMQ+1) (61) 

It is here. RZZ=epsilon [zn (k) and zn H (k)] (62) 

epsilon [A] expresses the expected value (average) of A. 

[0094] 

[Equation 21] 

[H>A n Ck).H H + a 2 l tif 



= £ 



(63) 
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[0095] 

lambdan (k) =diag [Dn (k+Q -1), — , Dn (k), — Dn] (k-Q +1) (64) I is a unit matrix. sigma2 Noise 

power (variance of white nature Gaussian noise) 

[0096] 

[Equation 22] 

rh n (Q-i) 0 0 0 
MQ-2) Mq-d o o 



H 



h n (o) h n (i) -. v h n (Q-i) 



(65) 



[0097] / 

Dn =(k+q) diag [1-b'1 2 (k+q), — . 1-b'n 2 (k+q), — , 1~b'N 2] (k+q) : q=Q +1 and — one (66) Dn = 

(k+q) diag[— 1-b'1 — 2 (k+q), — , 1, — 1-b'N 2] (k+q) : q= 0, — -Q+1 (67) 

diag expresses a diagonal matrix (elements other than the element of the diagonal line of a 

matrix are zero). That is, it is mn if the channel matrices H and sigma2 are known. It can ask for 

(k) by the formula (61). Therefore, a formula (58) is followed and it is wn. (k) and alphan (k) is 

called for. 

[0098] This computed filter shape wn By (k), it is y'n. Filtering of the (k) is carried out by the 
degree type. 

un (k) =wn H (k) and y'n (k) (68) 

H expresses a conjugate transposed matrix. This n processing result by which filtering was 
carried out is sent to equalizer 21 -n to which consecutiveness corresponds. Thus, the left part 
of the formula (1) from the n-th user and the corresponding input signal un (k) is obtained, the 
channel value hmn (q) of the right-hand side of a formula (1) and corresponding alphamn (k) are 
obtained, that is, a formula (1 ) and a corresponding formula (55) can be found. Therefore, alphan 
(k) is given to consecutive equalizer 21 -n as an equalizer parameter (channel value). The above 
is preceding paragraph processing by the equalizer 71. 

[0099] Next, the processing after consecutive equalizer 21 -n is described. As mentioned above, 
since it corresponds with the formula (1), since it is shown in reference [1], a formula (55) omits 
actuation within equalizer 21 -n for every user for details, as stated also above that what is 
necessary is just to carry out like actuation of the equalizer 21 in drawing 31 . un which defined 
each equalizer 21 -n by the top (k) and alphan the logarithm of the probability for the prior 
information lambda 2 from (k) and decoder 24-n [bn (k)] to be inputted, and for each coding bit 
to be +1 as an output and the probability which is -1 — a likelihood ratio lambda 1 (LLRLog- 
Likelihood Ratio) is computed by the degree type. 
[0100] 

[Equation 23] 

A lP< fc)|-lDg ft[b » ft >" +l|l, ''» k -^ (69 ) 
lL<n *Pr[b n (k) = -l|u n (k),k = 0,"-,B] { ™ } 

^l[b„(k)] + XP[b n (k)] {70> 

[0101] It is lambda 1 here, [bn (k)] is the external information and Iambda2p which are sent to 
consecutive decoder 24-n. [bn (k)] is prior information given to an equalizer 31. decoder 24-n — 
a logarithm — likelihood ratio lambda 2 It computes by the degree type. 
[0102] 

[Equation 24] 
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A 2 [b n (i)]-log 



Pr[b n (i) = -1 1 X, [b n COli = 0, • ,B] 



(71) 



»* 2 P>i. ®3+^f[b„(i)] 



(72) 



[0103] It is lambda 2 here, [bn (i)] is the external information and lambdal p which are given to 
an equalizer 71 and an equalizer 21 in the case of a repeat, [bn (k)] is the prior information given 
to decoder 24-n. The configuration shown in this drawing 18 performs identification and decode 
repeatedly, and improvement in an error rate is attained. The functional configuration of the 
multiuser equalizer 71 mentioned above is briefly explained with reference to drawing 19 . each - 

- an antenna — an input signal — a receive section — 70 — a vector r ( k ) = 

[ — r — one — ( — k ~ ) — rM — ( — k — ) — ] — - ****** — processing — having — this — a 
vector — r — ( — k — ) — using — reception — a vector — generation — the section 311- 

- setting — each — a multi-pass (channel) — having taken into consideration — a formula 
( — 21 — ) — reception — a vector — y — ( — k — ) — generating — having . 

[0104] On the other hand, input-signal [ from a receive section 70 ] r (k), and each transmitter 
from the unique WORD storage section 29 and the corresponding known sequence signals, such 
as a unique WORD sequence for channel presumption, are inputted into the channel presumption 
machine 28, and the channel matrix H is presumed, moreover, the output of each decoder 24-1, 
— , 24-N — a logarithm — likelihood ratio Iambda2 [b1 0 [bN (k)] is inputted into the soft 
decision symbol presumption section 313-1, — , 313-N. i) — ], — , Iambda2 (k)] f — , lambda 2 — 
[bN from (i)] — respectively — prior information lambdal p [ — b1 (i)l — , lambdal p [bN External 
information lambda 2 from which (i)] was deducted [ — b1 It is the soft decision transmitting 
symbol b'1 by the formula (15), respectively, (k), — b'N (k) is calculated. These are inputted into 
the interference vector generation section 72, and vector B[ of the symbol estimate which can 
serve as an interference signal from other transmitters for every n ] ' (k) is generated by formula 
(29) \ (53), and (54) in the interference vector generation section 72. The product of vector 
B' (k) and the channel matrix H of these N individual calculates, respectively by the other 
interference signal estimation section 73-1, — , 73-N, and replica H-B (k) of an interferent 
component is calculated. 

[0105] interferent component replica H-B (k) of these N individual subtracts from receiving 
vector y (k) by the subtraction section 74-1 , — , 74-N, respectively — having — difference — a 
vector y 1 (k), — , y'N (k) is called for. Soft decision transmitting symbol b'1 (k), — , b'N (k) is 
inputted into the error matrix generation section 75. It is the error matrix lambda 1 by the 
formula (64), (66). and (67). (k), — lambdaN (k) is generated. These, the channel matrix H, and 
noise power sigma2 It is inputted into the filter shape presumption section 76, and is a filter 
shape wn at the filter shape presumption section 76 by a formula (58), (60), (61), (63), and (65). 
Channel information alphan after identification It is presumed, these filter shapes wT, — and wN 

difference — vector y'1 (k) and y r N The multiplication of the (k) is carried out by the 

filtering section 77-1, — , 77-N, respectively. Filtering is carried out. That is, symbol [bn (k) from 
each pass for every user, u1 which is bn (k-1), — , the component of which interference 
[ signal / other user ] was removed from the input signal of bn (K-Q +1)] (k), — and uN Channel 
information alpha 1 after the identification which (k) was obtained, respectively and was asked 
for it in these and the filter shape presumption section 76 (k), — , alphaN (k) is supplied to the 
single user equalizer 21-1 in drawing 18 , — , 21 -N, respectively. 

[0106] The procedure of the 1st invention (2) of this turbo receiving method is shown in drawing 
20 . The same step notation was attached to the procedure shown in dr^wing_3 , and a 
corresponding step in drawing 20 . However, interference replica vector B'n in step S4 Formula 
(29) \ (53), and (54) perform count of (k). Step S13 is soft decision transmitting symbol b'n. (k) is 
used and it is error matrix lambdan by the formula (64), (66), and (67). (k) is generated. Step S14 
is a channel, Matrix H, and noise power sigma2. Error matrix lambdan (k) is used and it is the 
residual interference removal filter wn by a formula (58), (60), (61), (63), and (65). (k) and channel 
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information alphan It asks, step S15 — difference — vector y'n (k) — residual interference 
removal filter shape wn (k) — filtering — carrying out — un It asks for (k). step S16 — each 
filtering result un (k) — receiving — single user identification processing — carrying out — a 
logarithm — likelihood ratio lambdan It asks for [bn (k)], respectively and decode processing of 
these is carried out at step S10. Others are the same as that of the processing shown in drawing 
3. 

[0107] Although the identification range in latter-part equalizer 21 -n is made into the 
intersymboHnterference section by the symbol (bN (k), and [bn (k-1), — , bn] (K-Q +1) (n= 1, , 
N)) in this identification range can be adjusted. For example, as for the case of a very big 

value, the count load of latter equalizer 21 -n becomes [ Q ] large. In such a case, what is 
necessary is to set the identification range of latter-part equalizer 21-n to Q'<Q, and just to 
change so that the equalizer 71 of the preceding paragraph may remove the intersymbol 
interference of the signal of the same users other than bn (k), and [bn (k-1), — , bn] (K-Q'+1) 
(Q'<Q, n= 1 f : — , N) section. This modification is explained later. As it divides into this preceding 
paragraph identification and latter-part identification and a broken line also shows a case in 
drawing 19 R> 9, in the channel presumption machine 28, the symbol storage section 32 is 
formed last time, and it is hard decision transmitting symbol b~n. As a channel value is presumed 
using (k), that presumed precision can be raised. 

[0108] Signal un of N sequence which carried out identification separation of the interference 
[ train / other-system ] for these to the sending signal of N sequence in the multi-output 
equalizer 71 of the preceding paragraph in the example shown in drawing 1 7 Channel information 
alphan after identification It outputs and is the signal un of after that and N sequences each. 
Latter single user equalizer 22-n removed the intersymbol interference of the same sending 
signal. That is, it considered as two steps of concatenation identification configurations. It is 
good also as three or more steps of concatenation multistage configurations. For example, input 
signal rm of an M sequence [ as opposed to / in / as shown in draw ing 21 / the equalizer 81 of 
the 1st step / the sending signal of N sequence ] Identification signal sequence er1 which 
inputted and removed interference by the No. [ U+1 ] transmitting sequence of the 1st - a No. 
[ U ] transmitting sequence (k) and channel information e[ after the identification ] alpha (k), 
Identification signal sequence er2 which removed interference by the 1st of the U+1 st - a No. 
[ N ] transmitting sequence - the No. [ U ] transmitting sequence (k) and channel information 
ealpha2 after the identification (k) is obtained. In 82-1 in the equalizer 82-1 of the 2nd step, and 

82- 2 inputted er1 (k) and ealphal (k) — identification processing — carrying out — the [ the 1st 
in the 1st - a No. / U / transmitting sequence - ] — U1 the Uth of a watch transmitting 
sequence — identification signal sequence er3 which removed interference by 1+1 - the No. 

[ U ] transmitting sequence Channel information ealpha3 after (k) and its identification With (k) 
the Uth in the 1st - a No. [ U ] transmitting sequence — the [ 1+1 - ] — U2 the [ 1st / of a 
watch transmitting sequence / the / - ] — the [ U No. 1 transmitting sequence and ] — 
identification signal sequence er4 which removed interference by U2 - the No. [ U ] transmitting 
sequence Channel information ealpha4 after (k) and its identification With (k) the Uth in the 1 st - 
the Uth transmitting sequence — the [ the 1st of 2+1 - the Uth transmitting sequence - ] — U2 
Identification signal sequence er5 which removed interference by the transmitting sequence 
Channel information ealpha5 after (k) and its identification (k) is outputted, respectively. 
[0109] With the equalizer 82-2 of the 2nd step, it is the identification signal sequence er2 
similarly, (k) and channel information ealpha2 (k) is inputted and it is the identification signal 
sequence er6. (k) and channel information ealpha6 after identification (k) and identification signal 
sequence er7 (k) and channel information ealpha7 after identification (k) is outputted. In the case 
of N= 5, the equalizer 83-1 to 83-5 of the 3rd step turns into a single user equalizer in drawing 
18 . Or the input identification signal of an equalizer 83-3 may be constituted by two sending 
signals, may remove the mutual intervention between the two sending signals with an equalizer 

83- 3, and may equalize 2 sets of identification signals, and the channel information after the 
identification, respectively by the following single user equalizer 84-1 and 84-2. Furthermore, for 
example with an equalizer 83-4, it is the identification signal er6. (k) and channel information 
ealpha6 (k) may be inputted and a mutual intervention with other two sending signals and the 
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intersymbol interference by the multi-pass of itself may be removed about all the configuration 
sending signals, for example, each of three sending signals. You may constitute from one thru/or 
the plurality of the equalizer 82-1 of the 2nd step, and 82-2 so that each identification signal 
over two or more sending signals may be acquired at once. 

[0110] Generally two or more identification signal sequences and the group of after 
[ identification ] channel information are outputted from the equalizer of the 1 st step as 
mentioned above, the group of the channel information after each identification signal sequence 
and its identification — 1 thru/or two or more equalizers — 1 — or two or more steps are 
concatenated — making — final — the 1- each identification output of the Nth transmitting 
sequence, i.e., this example, — a logarithm — likelihood ratio lambda 1 [bn (k)] can also be made 
to output Thus, when performing multistage concatenation identification processing, it is 
desirable for the latter part to make smallness the value of numbers-of-passes Q which carries 
out interference removal, as mentioned above, and to lessen the amount of data processing. In 
this case, as mentioned above, an interferent component with the pass which decreased in 
number in the latter part is removed in the identification stage in front of that. 
[0111] In the following with the equalizer 21 of the 1st step in drawing 21 The transmitting 
sequence of N individual, the number of the multi-passes of each transmitting sequence — 
identification signal sequence er1 of the group of the input signal of Q to U transmitting 
sequences Channel information ealphal after (k) and identification (k) is obtained and 
identification processing with the equalizer 82-1 of the latter part explains the identification 
processing in the case of making the number of the multi-passes of each transmitting train 
system into Q\ Although interference vector B' (k) is generated in the interference vector 
generation section 72 almost like the example shown in drawing 1 8 and drawing 1 9 , this 
constructive mood (53) and a formula (54) change into formula (53) and formula (54) ' and a 
formula (73). 
[0112] 

b'(k+q) =[b'1 b(k+q) '2 — (k+q) b'n (k+q) 

— b'N (k+q)]T : q=Q -1, —1 (53) 

b'(k+q) = [0 —0 b' U+1 (k+q) —b'N] (k+q) T : q= 0, — , -Q'+1 (54) ' b'(k+q) =[b'1 b(k+q) '2 — (k+q) 
b'n (k+q) 

— b'N (k+q)]T : q=Q\ — , -Q+1 (73) Formula (54) ' is for equalizing except for the self and the 
mutual intersymboHnterference component of each [ these ] sequence based on the symbol of 
the 1st - the Uth transmitting sequence itself, and the multi-pass of Q\ A formula (73) is for 
removing the self and the mutual intersymbol interference of the 1 st - the Uth transmitting 
sequence based on the Q'+1 st thru/or the Qth pass in order to decrease the number of multi- 
passes to Q' by latter identification. 

[0113] Thus, interference signal replica H-B' (k) is made using obtained interference vector 
B' (k), and this is subtracted from receiving vector y (k), that is, a degree type is calculated, 
y'g (k) **y(k)-H-B' (k) Actuation of subtracting this interference below (27) " =H-(B(k)-B' (k)) +n 
(k) and (28)" will be called software interference cancellation, y'g which will be obtained after 
subtraction supposing replica H-B[ of an interference signal ] ' (k) is made ideally It turns out 
that (k) cannot have only the signal component of bn (k), [bn (k-1), — , bn] (k-Q'+1), and (n=1~U). 
[ the symbol of the 1 st - the Uth transmitting sequence, ] 

[01 14] Next, the linearity filter of an MMSE norm removes the interference surplus component 
after software interference cancellation like the above-mentioned. The formula in this case (55) 
and the corresponding formula become degree type (55) '. 

wg H (k) and y'g (k) **sigman=1 U sigmaq=0 Q'-1 alphanq(k) and bn =(k-q) alphag H (k) and bg (k) 

(55) ' — here, alphag ( — k — ) — = — [ — alpha — one — zero — ( — k — ) — alpha — one — 
Q — ' - one — ( — k — ) — alpha — U — zero — (— k — ) — alpha — U — Q — ' - one — (- 
-k— ) — ] — T — (55-1) 

bg ( __ k _) _ = _ b — one — (— k — ) — b — one (k-Q'+D — bU — (— k — ) — bU — 
] (k-Q'+D — T — (55-2) 

These [ wg ] (k) and alphag wg from which the right-hand side serves as min by making a formula 

(56) into a degree type like [ also asking for (k) ] the above-mentioned (k) and alphag It asks for 
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(k). 

[0115] 

(wg (k) alphag (k)) =arg min ||wg H (k) and y'g (k)-alphag H (k) and bg (k) ||2 (56) "alpha — 1 and 0 
It is contingent [ on (k) =1 ]. the added constraint — alphag (k) =0 and wg (k) =0 — in order to 
avoid a solution — it is — Halphag (k) ||2 =1 — although solving by the constraint is also 
possible — the following — alpha — 1 and 0 In the case of (k) =1, a problem is replaced as 
follows. 

mg (k) =arg min ||mg H (k) and zg (k) ||2 (57) 'mg H It is contingent [ on (k) and eMQ'+1 =-1 ]. 

Here, it is mg. (k) **[wg T (k)-alphag T (k)] T (58) ' zg (k) **[yg T (k) b(k) g T] T (59) ' eMQ'+1 = 

[0 — 1 — 0] T (60) ' (eMQ* +1 element of inner one MQ' the +1 st) 

The solution of this optimization problem is given below from the Lagrange method of 

undetermined coefficients shown in said reference [2]. 

[0116] 

mg (k) =-Rzz-1 and eMQ>1/(eMQ'+1 H, Rzz-1. and eMQ'+1) [(61) ' — here — 0117] 
[Equation 25] 

R a =ElZ 8 (k)Z»(k)] (62)' 



= E 



HA(k)-H H +o 2 l H" 



(63)' 



[0118] 

lambdan (k) =diag [Dn (k+Q -1), — , Dn (k). — Dn] (k-Q +1) (64) ' [01 19] 

[Equation 26] 

h,(Q-l) 0 0 ••- hu(Q-l) 0 0 

h y (Q-2) •. 0 

hu(Q-3) :. huCQ-l) 



H 



h l( Q-2) 
h,(Q-3) 



0 

hi(Q-i) 



h,(0) - ^(Q'-l) 



'M<D • hu(Q'-l) 



(65)' 



[0120] , 

Dn =(k+q) diag [1-b'1 2 (k+q), — 1-b'n 2 (k+q), — , 1-b'N 2] (k+q) : q=Q+ — 1. — , 1 (66) 

Dn =(k+q) diag [1. — 1, and 1-b'U +12 (k+q). — , 1-b'N 2] (k+q) : q= 0. — , -Q'+1 (67) ' Dn =(k+q) 

diag [1-b*1 2 (k+q), — , 1-b'n 2 (k+q). — , 1-b'N 2] (k+q) : q=Q', Q+1 (74) 

That is, it is mg if a channel parameter is known. It can ask for (k) by formula (61) '. Furthermore, 
formula (58) ' is followed and it is wg. (k) and alphag (k) and (=ealpha1 (k)) are called for. Such 
count is performed in the filter shape presumption section 76 in drawing 1 9 , and filtering of the 
degree type is calculated and carried out in the filtering section 77-1 . 
[0121] 

er1 (k) =wg H (k) and y'g (k) 

This identification output er1 (k) and after [ identification ] channel information ealphal (k) 
=alphag (k) is sent to the latter equalizer 82-1 . When dividing [ for example, ] into a 3 
transmitting sequences (user) group and a 2 transmitting sequences (user) group as mentioned 
above at the time of the transmitting sequence (user) of 5 It reaches U=3. the above-mentioned 
algorithm is performed by 2. and they are these two identification outputs er1. (k). ealphal (k) 
and er2 (k) and ealpha2 It inputs into the equalizer the object for 3 transmitting sequences (user) 
of consecutiveness to (k), and for 2 transmitting sequences (user), and the identification output 
of each transmitting sequence (user) is obtained, respectively. 

[0122] Moreover, it is applicable also to the single user turbo equalizer receiver shown in drawing 
8 , the RAKE composition processing turbo receiver shown in drawing 9 , a turbo receiver 
equipped with the adaptive array antenna receive section which showed drawin g 1 0 , and a turbo 
receiver equipped with the channel presumption machine 42 still more generally shown in drawing 
12 to make the error correction decode result of the signal which was mentioned above and to 
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detect reflect in a soft decision transmitting symbol. Furthermore, although the symbol hard 
decision value judged to be probable by presumption of the 2nd henceforth of the channel matrix 
H and covariance-matrix If was also used as a reference sign in drawing 1 3 , drawing 14 , and 
drawing 1 5 , 2nd henceforth may make only unique WORD a reference sign, covariance-matrix Lf 
may be presumed using a formula (51), and channel presumption using a symbol hard decision 
value and presumption of covariance-matrix Lf may be omitted. 

the 1 st invention (2) (juxtaposition transmission) — transmitting information sequence c (i) by 
one user as two or more juxtaposition sequences next — frequency use — performing high- 
speed transmission efficiently is proposed. The example of the turbo receiver which applied this 
invention is explained to such a sending signal. 

[0123] It sets to a transmitting side so that the same reference mark may be attached with 
drawing 1 at the part corresponding to drawing 22 and it may be shown. As for modulation 
output-signal [ from a modulator 1 3 ] b (j), the sequential distribution of the each symbol b (j) 
are carried out by the serial-parallel transducer 14 at the sequence of N individual. Sequence 
signal b1 of two or more integer N individuals (k), — , bN Although it is referred to as (k) and 
shown in drawing, after these are changed into the signal of a radio frequency, they are 
transmitted from the antenna of N individual. The sequence signal of these N individual is 
received by the turbo receiver of this invention through a channel (transmission line), the 
receiving antenna of this receiver — one or more pieces — it is — this input signal — baseband 
digital input signal rm of one or more integers [ M ] (k) — ( — m= — it is inputted into the multi- 
output equalizer 31 as 1, 2, — , M). Input signal rm (k) is generated as shown in drawing 28 . 
[0124] The processing the multi-output equalizer 31 is the same as that of the configuration 
shown in drawing 2 , and same as the procedure shown in drawing 3 is performed, the logarithm 
from the decoder 24 shown in drawing 22 on that occasion — likelihood ratio lambda 2 [b (i)] to 
external information lambda 1 [bi] is subtracted with a subtractor 25. The interleave of the 
subtraction output is carried out by INTARIBA 26, and it is the prior information lambda 2. It is 
referred to as [b (j)]. The prior information lambda 2 [b Q)] is the prior information lambda 2 on N 
sequence at the serial-parallel converter 15. [b1 (k)], — , lambda 2 It is changed into [bN (k)] and 
is inputted into the multi-output equalizer 31. 

[0125] therefore, in the multi-output equalizer 31, the input signal of the M sequence carries out 
linear equalization processing similarly with having stated previously — having — the logarithm 
of N individual — likelihood ratio sequence lambda 1 [b1 (k)], — . lambda 1 [bN (k)] is outputted. 
the logarithm of this N individual sequence — a likelihood ratio sequence — the juxtaposition- 
serializer 16 — the logarithm of one sequence — likelihood ratio sequence lambda 1 It is 
changed into [b 0)] and a subtractor 22 is supplied. By identification processing which the input 
signal format of the multi-output equalizer 31 became being the same as that of what was 
explained by drawing 1 thru/or drawing 3 according to this configuration, therefore was 
performed with reference to dra win g 1 thru/or drawing 3 the logarithm of N sequence — 
likelihood ratio lambda 1 [b1 (k)], — , lambda 1 He can obtain [bN (k)] and it will be easily 
understood by using the serial-parallel converter 1 5 and the parallel-serial-conversion machine 
16 that decode processing can be performed repeatedly. In drawing 1 thru/or drawing 3 , 
identification of the n-th sending signal (eye n train) in the juxtaposition sending signal of N 
individual will be carried out in this case corresponding to the sending signal of the n-th 
transmitter. Moreover, it can be understood easily that the example which referred to drawing 4 
thru/or drawing 7 R> 7 is also applicable about the reception to juxtaposition transmission of 
this N sequence signal. Moreover, by concatenation-processing by two or more identification 
stages shown in drawing 1 8 thru/or drawing 21 , a receiving property improves compared with 
processing by the single identification stage shown in drawin g 1 thru/or drawing 31 . 
[0126] The turbo receiving approach of this invention and a receiver are applicable also to the 
reception to a convolutional code / turbo sign + INTARIBA + multi-level modulation (QPSK, 
8PSK, 16QAM, 64QAM, etc.), the TCM (Trellis Coded Modulation)/turbo TCM, etc. 
By generation **** of M input signals, they are M input signals r1. (k), — , rM Although it asked 
for (k) from M antenna #1, — , #M, you may ask from one antenna or may ask for many M input 
signals from L from the input signal of the antenna of two or more integers [ L ]. although 
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drawing 1 was not especially shown — each — the input signal from antenna #1, , #M a 
baseband transducer — input signals r1 f — . rm of baseband ** — it is carried out and samples - 
- having — digital signal r1 of the discrete time of day k (k), — , rM It is referred to as (k). 
[0127] For example, the input signal received by L= 2 antenna #1 and #2 as shown in drawing 30 
B is changed into baseband signaling by the baseband transducer 61 -1 and 61-2, respectively. 
The baseband transducer 61-1 and each output of 61-2 the sampling signal and this sampling 
signal from the sampling signal generator 62 with the sampling signal which shifted the phase 
only T/2 of those periods T with the phase shifter 63 It is sampled by A/D converter 64-1 , 64-2 
and 64-3, and 64-4, respectively, and is a digital signal r1. (k), r2 (k) and r3 (k) and r4 It is 
changed into (k), and is inputted into the turbo receiver 30 shown in draw ing 1 , drawin g_18 , or 
drawing 22 , and you may make it obtain the decode output of N individual. In addition, input 
signal r1 inputted into the turbo receiver 30 (k), — , r4 Each sampling period of (k) is one input 
signal rm per one antenna. The frequency of the sampling signal from the sampling signal 
generator 62 is selected so that it may be in agreement with the sampling period in the case of 
receiving (k). 
[0128] 

[Effect of the Invention] As stated above, according to this 1st invention (1), the multi-output 
(MIMO) receiving approach is realizable. An error rate property is shown in drawing 23 and 
drawing 24 as quantitive effectiveness. It sets to each drawing and they are Eb of an axis of 
abscissa / No. It is a bit energy pair noise ratio. The following was assumed as simulation 
conditions. 

several users (transmitter) — N 2 Each users number Q of multi-passes 5 The number of 
receiving antennas Two The number of information symbols in one frame 450 bits Unique 
numbers of words in one frame 25 bits The channel presuming method RLS (oblivion multiplier 
0.99) 

Error correcting code Rates 1/2, restricted length 3 convolutional code 
Doppler frequency 1000Hz (Rayleigh fading) 

modulation technique BPSK Transmission speed 20Mbps Decoder 24 Max-Log-Map decoder The 
number of repeats 4 times The approximation by the lemma of said inverse matrix was not used 
for count of filter factor w without phasing within a frame. 

[0129] the error rate property when, as for drawing 23 , channel presumption being performed 
completely (a presumed error being nothing), that is, assuming that a channel is known it is 
several users (transmitter) — N= 2 and several receiving antennas — it is the case of M= 2 and 
the Raylegh numbers of passes Q= 5. The 1st repeat is in the condition which has not been 
carried out repeatedly, and is the result of performing a repeat once by the 2nd repeat. It turns 
out that the error rate property is sharply improved by the repeat. Thereby, it turns out that the 
turbo receiving approach for MIMO of this invention operates appropriately. 
[0130] Drawing 24 shows the effectiveness of repeat channel presumption (the 4th invention). 
An axis of abscissa is threshold Th. It fixes to Eb/No =4dB (Eb is a part for one user), and, as for 
Th=1 .0, one is considered to be the conventional method with which channel presumption using 
[ choose that is, ] a symbol hard decision value is not performed for a symbol hard decision 
value. In this case, since channel presumption is inaccurate, there is little repeat effectiveness of 
a BER property, so that clearly from drawing. Threshold Th=0 is the case where a hard decision 
value is all used as it is, if the hard decision value of an information symbol also uses in this way, 
an average bit error rate will be improved so that clearly from drawing, and it is understood that 
channel presumption can carry out correctly so much. Furthermore, about threshold Th=0.2-0.6, 
it turns out that it is better to use [ whose average bit error rate serves as smallness from the 
case of Th=0 ] only a probable hard decision value. It is understood especially that the Th=0.25 
neighborhood is also the most desirable. 

[0131] A probable transmitting symbol hard decision value is used for drawin g_25 with a 
threshold at channel presumption, that is, a threshold in case [ this ] the error rate property of 
the MIMO receiving approach using repeat channel presumption is shown as a curve 66 is set as 
0.25, and a result is the property of 4 times after repeatedly, and are N= 2, M= 2, Q=5Raylegh, fd 
Ts =1/20000, and 900 symbols / frame. The error rate property when the hard decision value of 
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the conventional information symbol not using an error rate property when channel presumption 
is perfect for channel presumption for a comparison, that is, using channel presumption (channel 
presumption being only for 1 time) without a repeat for a curve 67 is shown in a curve 68. When 
repeat presumption of a channel is used from this graph, it turns out that the error rate property 
is approaching it in the case of channel presumption completeness. 

[0132] Moreover, according to the channel presumption approach mentioned above, by judging 
whether a soft decision value to the decoded hard decision value is probable, and using the 
probable symbol information on a hard decision value for channel presumption in the case of 
next repeat reception, channel presumption can be performed more correctly and decode quality 
can be improved. Next, in order to check the effectiveness of an example of having presumed 
covariance-matrix LT (noises other than Gaussian characteristic noise), simulation was 
performed on condition that the following. 

several users (transmitter) of all — N 3 (one user is set to strange interference:! (k) inside) 
Each user's number Q of multi-passes 5 The number of receiving antennas Three The number of 
information symbols in one frame 450 bits Error correcting code Rates 1/2, restricted length 3 
convolutional code 

Doppler frequency 1000Hz Modulation technique BPSK Transmission speed 20Mbps Decoder 24 
Log-MAP is a decoder. The number of repeats Three users (transmitter) were taken as ****** 4 
times. The simulation result of the BER (bit error rate) property of H which showed drawing 26 
to drawing 14 , drawing 1 5 , and drawing 1 6 , and the turbo receiver which presumes IT, and 
drawing 27 show the BER property using the turbo receiver (receiver using the approach of 
drawin g 13 ) shown in drawing 1 as it is. what improvement in a BER property is attained and 
BER moreover shows to drawing 26 to the same Eb/No by making [ many ] a number repeatedly 
in drawing 27 although the effectiveness is hardly acquired in drawing 26 even if it is making the 
noise only into the white nature Gaussian random noise and repeats channel presumption and 
decode processing twice or more — ****** — it is understood that a small value is shown. 
[0133] Next, symbol soft decision value b'n of the input signal from the target user (transmitter) 
In order to check the effectiveness of the example (the 2nd invention) in which the error 
correction decode result was made to reflect to (k), simulation was performed on condition that 
the following. 

user (transmitter) several N [ all ] 4 Each user's number Q of multi-passes 5 The number M of 
receiving antennas 2 Number of information symbols in one frame 900 Error correcting code 
Convolutional code (the rate of coding: one half, restricted length 3) 

Modulation technique BPSK Decoder Log-Map decoder Rate of error coding 1/2 The number of 
repeats 5 It is f(b'n (k)) = alphaxb'n again, (k) 
It carried out. 

[0134] Drawing 28 is [ the multi-output turbo receiver shown in drawing 1 , and ] b'n. The former 
is black about a plotting point and the latter shows in white the BER property of a multHnput 
multi-output turbo receiver of having made the error correction decode result reflecting in (k), 
respectively. As for a round head, in the 3rd leftward trigonum, the 4th rightward trigonum 
expresses [ the 1st downward trigonum / the 2nd rhombus ] the 5th time repeatedly. The 
simulation result of the BER property over Eb/No when fixing drawin g_28 A to alpha= 0.2 and 
drawing 26 B show the simulation result of the BER property over alpha when being referred to 
as Eb/No=6dB, respectively. In the case of alpha= 0, it is b'n here. It is equal when referred to as 
(k) =0. From this drawing 28 A, it is b'n. In the multi-input multi-output receiver which made the 
error correction decode result reflect in (k) When the count of a repeat is 3rd henceforth 
compared with the multi-input multi-output turbo receiver shown in drawing 1 , an improvement 
effect is large to BER at the time of repeat decode 1 time ago. Necessary Eb / NO to which the 
count of a repeat attains each BER in the range of BER>10-4 3rd henceforth When it compares, 
b'n Compared with the multi-input multi-output turbo receiver which showed the multi-input 
multi-output turbo receiver which made the error correction decode result reflect in (k) to 
drawing 1 , gain about 0.5dB or more is acquired. Moreover, in the 5th Eb/No=6dB repeat, it 
turns out that BER=10-5BER is attained and BER can be reduced or less to 1/10 compared with 
what was shown in draw ing 1 . From this drawing 2828 B, as a value of alpha, the improvement is 
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obtained in 0< alpha<0.6, if alpha is made larger than 0.6, a BER property will deteriorate 
conversely and a right decode result will no longer be obtained. This result shows that the 
optimum value of alpha in this case is 0.2. However, the value of alpha is not restricted to said 
optimum value, and the proper range of alpha which has an improvement effect may be changed 
by the number of the number of the users who receive especially, a propagation environment 
including interference, and the antennas to receive etc., and the value of an optimum value alpha 
may also take other values. 

[0135] According to [ although it is 2 Ns (CM) order as stated previously ] the turbo receiving 
approach of the 3rd invention, the computational complexity in the equalizer at the time of 
setting [ the number of users (transmitter) ] the number of the antennas of Q and a receiver to 
M for the number of N and the multi-passes of each transmitter, and extending the turbo 
receiver of the conventional single user to many outputs (MIMO) as it was in a BPSK modulation 
is N (MQ)3. It ends with order. For example, although it is 2N(Q-1) **5x1045 when N= 8, Q= 20, 
and M= 8, it is N(MQ)3 **37 and 107. It becomes, and according to the turbo receiving approach 
of this 2nd invention, computational complexity can be reduced remarkably. 
[0136] According to the turbo receiving approach of this 3rd invention, on condition that the 
following, simulation was performed and it checked that a good bit error rate property was 
acquired. The channel matrix H was made into known. 

The number N of users 4 Each user's number Q of multi-passes 5 The number M of receiving 
antennas Two The number of information symbols in one frame 900 bits Error correcting code 
Rates 1/2, restricted length 3 convolutional code 
Doppler frequency 1000Hz (Rayleigh fading) 

Modulation technique BPSK Transmission speed 20Mbps Decoder Log-MAP decoder The 
number of repeats 6 times Channel presumption shows the simulation result of this BER (bit 
error rate) property to ideal drawing 29 . Axes of abscissa are average Eb / (bit energy) No 
(noise power), fd is the Doppler frequency and Ts is a transmitting symbol period. MRC shown in 
this graph is a BER property acquired when Viterbi decoding of the signal after the maximum 
ratio composition (Maximal Ratio Conbiningr.MRC) in an order 10 (2 antenna x5 pass) diversity 
channel is carried out, and corresponds to the BER property at the time of an equalizer 
canceling interference completely. That is, whether BER of which after a repetition is close to a 
MRC curve can estimate the quality of a receiver. According to the turbo receiving approach of 
this 2nd invention by drawing 27 , they are Eb/No. If BER decreases and the count of a repeat is 
made [ many ] so that it becomes high, it turns out that a BER property approaches the BER 
property of MRC and MRC is especially approached very much by the count 6 of a repeat. That 
is, it was checked that the multi-output turbo receiver by the turbo receiving approach of this 
3rd invention operates appropriately also on the severe conditions of four users, five pass each, 
and 2 receiving antennas. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention is applied to mobile communication and relates the 
waveform distortion based on interference to the turbo receiving approach of having applied the 
turbo sign technique and of performing identification repeatedly, and its receiver. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] The technical problem of a mobile phone service is [ how ] quality 
on the limited frequency, and it is in whether the system which can own many users is built. 
There is a multi-input multi-output (Multi-Input Multi-OutputMIMO) system as a means to solve 
such a technical problem. This system configuration as shown in drawing 3030 A From two or 
more transmitters S1-SN to this time of day Symbol c1(i) -cN(i) is transmitted on this 
frequency, respectively. These sending signals A MIMO receiver equipped with two or more 
antenna #1 - #M receives, and a MIMO receiver processes an input signal, presumes transmitting 
symbol c1(i) -cN(i) of each transmitters S1-SN, and outputs it to an output terminal Out1 - 
OutN separately as d~ (i) - cfsT (i). 

[0003] Examination about the concrete construction of the MIMO receiver in a MIMO system is 
not fully performed the place to current the number of multi-passes with which N and the 
transmitted electric wave of each transmitter reach a MIMO receiver in the number of 
transmitters when performing the configuration of the MIMO receiver in a MIMO system based 
on a MLSE (maximum likelihood estimation) norm — the computational complexity of Q, then a 
MIMO receiver — 2(Q-1 ) N a digit — becoming — several transmitters — the computational 
complexity will become immense with the increment in N and the number Q of multi-passes. 
Moreover, when receiving that to which the information on a single user was transmitted as two 
or more parallel signals, much computational complexity is needed for separating each parallel 
signal with the increment in the number of multi-passes. Then, although this invention proposes 
the turbo receiving approach of two or more sequences signal with sufficient count 
effectiveness, it explains the turbo receiver to the existing single user which becomes origin of 
this invention first (one transmitter), i.e., 1 sequence sending signal. 

[0004] turbo ****** f or single users — the example of a configuration of the transmitter in this 
case and a receiver is shown in drawing 31 . In a transmitter 10, after coding of information 
sequence c (i) is performed by the encoder 1 1 and the interleave (rearrangement) of the coding 
output is carried out by INTARIBA 12, a carrier signal is modulated with a modulator 13 and the 
modulation output is transmitted. This sending signal is received by the receiver 20 through a 
transmission line (each channel of a multi-pass). Identification of a delay wave is performed by 
the ************ (SISO:Single-Input-Single-Output) equalizer 21 in a receiver 20. Generally an 
input signal is changed into baseband, and the input signal of that baseband is sampled on the 
frequency of 1 time or more of the frequency of the symbol signal of the information sequence 
of a sending signal, and the input of this equalizer 21 is changed into a digital signal, and is 
inputted into an equalizer 21 as an input signal of a digital signal. 

[0005] Reception output [ in / in the case of a single user, N= 1 is hit in drawing 30 A, and / 
each receiving-antenna #m (m= 1, 2, — , M) ] rm (k) = sigmaq=0 Q-1 hm (q) -b(k-q)+vm (k) (1) 
It can express. For m, an antenna index and h are [ a users (transmitter 1) transmitting symbol 
and vm (k) of a channel value (transmission-line impulse response: line characteristic) and b (k-q 
+1) ] the thermal noise inside a receiver 20. And the output from all antenna #1-#M is expressed 
as a vector of a formula (2), and it is a formula (3). 
Kk) = [r1 (k) r2 (k) — rM (k)] T (2) 
= sigmaq=0 Q-1 H (q) -b(k-q +1) + v (k) (3) 
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A definition is given, here — v (k) = — [ — v — one — ( — k — ) — v — two — ( — k — ) — vM 
— (— k — ) — ] — T — (4) 
H (q) = [hi (q) — hM (q)] T (5) 

It comes out. Moreover, [ ] T A transposed matrix is expressed. Next, the following vectors and 

matrices are defined in consideration of several Q of a multi-pass (channel). 

[0006] 

y(k) ** [rT rT (k+Q -1) — (k+Q -2) rT (k)] T (6) 
**H-b (k) +n (k) (7) 
It is here and is [0007]. 
[Equation 13] 

~H(0) -.-H(Q-l) 0 



H(o) - H(Q-i) 



(8) 



[0008] However, b(k-q) =[b(k+Q -1) b(k+Q -2) — b (k-Q +1)] T (9) 
n (k) = [vT vT (k+Q -1 ) —(k+Q -2) vT (k)] T (1 0) 

It comes out. the logarithm of the probability for r (k) which the top defined to be inputted into 
an equalizer 21, for this SISO equalizer 21 to be a linear equalization machine, and for each 
coding bit {b (i)} to be +1 as that identification output, and the probability which is -1 — a 
likelihood ratio lambda 1 (LLRLog-LikelihoodRatio) is drawn. 
[0009] 

[Equation 14] 
11 V H ^Pr[b(k) = -1|Y(k)] 

^b(k)] + X p 2 [b(k)] (12) 

[0010] It comes out It is lambda 1 here, [b (k)] is the external information and Iambda2p which 
are sent to the consecutive decoder 24. [b (k)] is prior information given to an equalizer 21. a 
logarithm — likelihood ratio lambda 1 [b (k)] — prior information lambda 2 [b (k)] is subtracted 
with a subtracter 22, and is further supplied to the SISO channel decoder 24 through 
DEINTARIBA 23. this decoder 24 — a logarithm — a likelihood ratio lambda 2 and [0011] 
[Equation 15] 

A 2t bO)]^o 8 Pr " ,<i >' < - 1|X ' tb(i > 1 '" 0 --- B -' 1 1 03) 
21 WJ S Pr[b(i) = -l|X i [b(i)],i = 0,.. % B-l] 

B : y \s— Aft 
^^2tb(t)] + ^[b(i)] (14) 

[0012] It computes. It is lambda 2 here, [b (i)] is Iambda2 p to an equalizer 21 in the case of a 
repeat. It is the external information given as [b (k)] f and is lambda 1. [b (k)] is prior information 
lambdal p to a decoder 24. It is given as [b (i)]. lambda 2 [b (i)] is lambda 1 with a subtracter 25. 
[b (i)] is subtracted and an equalizer 21 and a subtracter 22 are supplied through INTARIBA 26. 
Thus, identification and decode are performed repeatedly and improvement in an error rate is 
attained. Next, calculation of the linearity filter shape given to receiving vector y (k) as a detail 
of the equalizer 21 of the preceding paragraph is described, prior information Iambda2 p of an 
equalizer 21 [b (k)] — using — soft decision symbol estimate b'(k) =tan h[ — Iambda2 p — [b 
(k)]/2](15) 

It computes. And replica H-b[ of an interferent component, i.e., an mterferent component, ] (k) 
is reproduced using this estimate and the channel matrix H, and it subtracts from an input signal. 
It is got blocked. y'(k) **y(k)-H-b' (k) (16) 
= hKb(k)-b' (k)) +n (k) (17) 

It is here. b'(k) = [b'(k+Q -1) —0 — b' (k-Q +1)] T (18) 
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It calculates. Since replica H-b[ of an interferent component ] ' (k) is not necessarily an exact 
replica, it cannot remove an interferent component completely by the formula (16). Then, it asks 
for linearity filter factor w (k) which erases the remainder of an interferent component by the 
following MMSE (2nd [ an average of ] power error of the minimum) norms. 
[0013] 

w(k) =arg min ||wH (k) and y'(k)-b(k) ||2 (19) 

H expresses conjugation transposition and is ||. || expresses a norm. It asks for w (k) which 
makes a formula (19) min. the following derivation of w (k) — reference: — it is indicated by 
Daryl Reynolds and Xiaodong Wang and "LowComplexity Turbo-Equalization for Diversity 
Channels" (http:Zee.tamu.edu/reynolds/). There is drastic reduction of computational complexity 
as main achievement matters of this technique. The computational complexity of the 
conventional MLSE mold turbo is 2Q-1. This technique is Q3 to having been proportional to 
order. It is stopped by order. In addition, wH (k) -y' (k) is the output of an equalizer 21 and is 
lambda 1 after this, [b (k)] is calculated, a decoder 24 is supplied through DEINTARIBA 23, and a 
decode operation is performed. 

[0014] In order to perform identification processing in an equalizer 21, it is necessary to presume 
the channel value h (transmission-line impulse response) in a formula (1). Below, presumption of 
this channel value is described as channel presumption. Channel presumption is performed using 
the training sequence remembered to be the input signal of known training sequences, such as 
unique WORD sent to the head section in one frame. If the precision of channel presumption is 
bad, identification processing with an equalizer 21 will not be performed correctly. Although what 
is necessary is just to enlarge the rate that the training sequence in one frame occupies the 
precision of channel presumption to make it high, if it is made such, the transmission efficiency 
over original data will fall. Therefore, to make small the rate that the training sequence in one 
frame occupies, and to raise channel presumption precision is desired. 

[0015] This has the same problem in the channel presumption in not only the receiver to the 
multi-sequence sending signal containing MIMO but a lake (RAKE) receiver, or the receiver 
which raises the probability of a decode result by decode processing repeatedly also in the 
receiver using an adaptive array antenna. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 

[Effect of the Invention] As stated above, according to this 1st invention (1), the multi-output 
(MIMO) receiving approach is realizable. An error rate property is shown in drawing 23 and 
drawing 24 as quantitive effectiveness. It sets to each drawing and they are Eb of an axis of 
abscissa / No. It is a bit energy pair noise ratio. The following was assumed as simulation 
conditions. 

several users (transmitter) — N 2 Each users number Q of multi-passes 5 The number of 
receiving antennas Two The number of information symbols in one frame 450 bits Unique 
numbers of words in one frame 25 bits The channel presuming method RLS (oblivion multiplier 
0.99) 

Error correcting code Rates 1/2, restricted length 3 convolutional code 
Doppler frequency 1000Hz (Rayleigh fading) 

modulation technique BPSK Transmission speed 20Mbps Decoder 24 Max-Log-Map decoder The 
number of repeats 4 times The approximation by the lemma of said inverse matrix was not used 
for count of filter factor w without phasing within a frame. 

[0129] the error rate property when, as for drawing 23 , channel presumption being performed 
completely (a presumed error being nothing), that is, assuming that a channel is known — it is — 
several users (transmitter) — N= 2 and several receiving antennas — it is the case of M= 2 and 
the Raylegh numbers of passes Q= 5. The 1 st repeat is in the condition which has not been 
carried out repeatedly, and is the result of performing a repeat once by the 2nd repeat. It turns 
out that the error rate property is sharply improved by the repeat. Thereby, it turns out that the 
turbo receiving approach for MIMO of this invention operates appropriately. 
[0130] Drawing 24 shows the effectiveness of repeat channel presumption (the 4th invention). 
An axis of abscissa is threshold Th. It fixes to Eb/No =4dB (Eb is a part for one user), and, as for 
Th=1.0, one is considered to be the conventional method with which channel presumption using 
[ choose that is, ] a symbol hard decision value is not performed for a symbol hard decision 
value. In this case, since channel presumption is inaccurate, there is little repeat effectiveness of 
a BER property, so that clearly from drawing. Threshold Th=0 is the case where a hard decision 
value is all used as it is, if the hard decision value of an information symbol also uses in this way, 
an average bit error rate will be improved so that clearly from drawing, and it is understood that 
channel presumption can carry out correctly so much. Furthermore, about threshold Th=0.2-0.6, 
it turns out that it is better to use [ whose average bit error rate serves as smallness from the 
case of Th=0 ] only a probable hard decision value. It is understood especially that the Th=0.25 
neighborhood is also the most desirable. 

[0131] A probable transmitting symbol hard decision value is used for drawing 25 with a 
threshold at channel presumption, that is, a threshold in case [ this ] the error rate property of 
the MIMO receiving approach using repeat channel presumption is shown as a curve 66 is set as 
0.25, and a result is the property of 4 times after repeatedly, and are N= 2, M= 2, Q=5Raylegh, fd 
Ts =1/20000, and 900 symbols / frame. The error rate property when the hard decision value of 
the conventional information symbol not using an error rate property when channel presumption 
is perfect for channel presumption for a comparison, that is, using channel presumption (channel 
presumption being only for 1 time) without a repeat for a curve 67 is shown in a curve 68. When 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2006/05/26 



JP,2003-152603,A [EFFECT OF THE INVENTION] 



2/3 ^— is 



repeat presumption of a channel is used from this graph, it turns out that the error rate property 
is approaching it in the case of channel presumption completeness. 

[0132] Moreover, according to the channel presumption approach mentioned above, by judging 
whether a soft decision value to the decoded hard decision value is probable, and using the 
probable symbol information on a hard decision value for channel presumption in the case of 
next repeat reception, channel presumption can be performed more correctly and decode quality 
can be improved. Next, in order to check the effectiveness of an example of having presumed 
covariance-matrix IT (noises other than Gaussian characteristic noise), simulation was 
performed on condition that the following. 

several users (transmitter) of all — N 3 (one user is set to strange interference:! (k) inside) 
Each user's number Q of multi-passes 5 The number of receiving antennas Three The number of 
information symbols in one frame 450 bits Error correcting code Rates 1/2, restricted length 3 
convolutional code 

Doppler frequency 1000Hz Modulation technique BPSK Transmission speed 20Mbps Decoder 24 
Log-MAP is a decoder. The number of repeats Three users (transmitter) were taken as ****** 4 
times. The simulation result of the BER (bit error rate) property of H which showed drawing 26 
to drawing 14 , drawing 15 , and drawing 1 6 , and the turbo receiver which presumes IT, and 
drawing 27 show the BER property using the turbo receiver (receiver using the approach of 
drawing 1 3 ) shown in drawing 1 as it is. what improvement in a BER property is attained and 
BER moreover shows to drawing 26 to the same Eb/No by making [ many ] a number repeatedly 
in drawing 27 although the effectiveness is hardly acquired in drawing 26 even if it is making the 
noise only into the white nature Gaussian random noise and repeats channel presumption and 
decode processing twice or more — ****** — it is understood that a small value is shown. 
[0133] Next, symbol soft decision value b'n of the input signal from the target user (transmitter) 
In order to check the effectiveness of the example (the 2nd invention) in which the error 
correction decode result was made to reflect to (k), simulation was performed on condition that 
the following. 

user (transmitter) several N [ all ] 4 Each user's number Q of multi-passes 5 The number M of 
receiving antennas 2 Number of information symbols in one frame 900 Error correcting code 
Convolutional code (the rate of coding: one half, restricted length 3) 

Modulation technique BPSK Decoder Log-Map decoder Rate of error coding 1/2 The number of 
repeats 5 It is f(b'n (k)) = alphaxb'n again, (k) 
It carried out. 

[0134] Drawing 28 is [ the multi-output turbo receiver shown in drawin g 1 , and ] b'n. The former 
is black about a plotting point and the latter shows in white the BER property of a multi-input 
multi-output turbo receiver of having made the error correction decode result reflecting in (k), 
respectively. As for a round head, in the 3rd leftward trigonum, the 4th rightward trigonum 
expresses [ the 1 st downward trigonum / the 2nd rhombus ] the 5th time repeatedly. The 
simulation result of the BER property over Eb/No when fixing drawing 28 A to alpha= 0.2 and 
drawing 26 B show the simulation result of the BER property over alpha when being referred to 
as Eb/No=6dB, respectively. In the case of alpha= 0, it is b'n here. It is equal when referred to as 
(k) =0. From this dr awing 28 A, it is b'n. In the multi-input multi-output receiver which made the 
error correction decode result reflect in (k) When the count of a repeat is 3rd henceforth 
compared with the multi-input multi-output turbo receiver shown in drawing 1 , an improvement 
effect is large to BER at the time of repeat decode 1 time ago. Necessary Eb / NO to which the 
count of a repeat attains each BER in the range of BER>10-4 3rd henceforth When it compares, 
b'n Compared with the multi-input multi-output turbo receiver which showed the multi-input 
multi-output turbo receiver which made the error correction decode result reflect in (k) to 
drawing 1 , gain about 0.5dB or more is acquired. Moreover, in the 5th Eb/No=6dB repeat, it 
turns out that BER=10-5BER is attained and BER can be reduced or less to 1/10 compared with 
what was shown in drawing 1 . From this drawing 2828 B, as a value of alpha, the improvement is 
obtained in 0< alpha<0.6, if alpha is made larger than 0.6, a BER property will deteriorate 
conversely and a right decode result will no longer be obtained. This result shows that the 
optimum value of alpha in this case is 0.2. However, the value of alpha is not restricted to said 
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optimum value, and the proper range of alpha which has an improvement effect may be changed 
by the number of the number of the users who receive especially, a propagation environment 
including interference, and the antennas to receive etc., and the value of an optimum value alpha 
may also take other values. 

[0135] According to [ although it is 2 Ns (Q-1) order as stated previously ] the turbo receiving 
approach of the 3rd invention, the computational complexity in the equalizer at the time of 
setting [ the number of users (transmitter) ] the number of the antennas of Q and a receiver to 
M for the number of N and the multi-passes of each transmitter, and extending the turbo 
receiver of the conventional single user to many outputs (MIMO) as it was in a BPSK modulation 
is N (MQ)3. It ends with order. For example, although it is 2N(Q-1) **5x1045 when N= 8, Q= 20, 
and M= 8, it is N(MQ)3 **37 and 1 07. It becomes, and according to the turbo receiving approach 
of this 2nd invention, computational complexity can be reduced remarkably. 
[0136] According to the turbo receiving approach of this 3rd invention, on condition that the 
following, simulation was performed and it checked that a good bit error rate property was 
acquired. The channel matrix H was made into known. 

The number N of users 4 Each user s number Q of multi-passes 5 The number M of receiving 
antennas Two The number of information symbols in one frame 900 bits Error correcting code 
Rates 1/2, restricted length 3 convolutional code 
Doppler frequency 1000Hz (Rayleigh fading) 

Modulation technique BPSK Transmission speed 20Mbps Decoder Log-MAP decoder The 
number of repeats 6 times Channel presumption shows the simulation result of this BER (bit 
error rate) property to ideal drawin g 29 . Axes of abscissa are average Eb / (bit energy) No 
(noise power), fd is the Doppler frequency and Ts is a transmitting symbol period. MRC shown in 
this graph is a BER property acquired when Viterbi decoding of the signal after the maximum 
ratio composition (Maximal Ratio ConbiningiMRC) in an order 10 (2 antenna x5 pass) diversity 
channel is carried out, and corresponds to the BER property at the time of an equalizer 
canceling interference completely. That is, whether BER of which after a repetition is close to a 
MRC curve can estimate the quality of a receiver. According to the turbo receiving approach of 
this 2nd invention by drawing 27 , they are Eb/No. If BER decreases and the count of a repeat is 
made [ many ] so that it becomes high, it turns out that a BER property approaches the BER 
property of MRC and MRC is especially approached very much by the count 6 of a repeat. That 
is, it was checked that the multi-output turbo receiver by the turbo receiving approach of this 
3rd invention operates appropriately also on the severe conditions of four users, five pass each, 
and 2 receiving antennas. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] The above-mentioned turbo receiver has the 
following technical problems. 

- It is correspondence of only the sending signal of a single user (one set of transmitter), i.e., 
one sequence. 

- In case an interferent component is reproduced, a channel value (matrix H) is required, and in 
case it is mounting, it is necessary to presume this. 

The presumed error will degrade the effectiveness of identification repeatedly. 
[0017] The purpose of this invention is to provide below with the turbo receiving approach which 
extended this object for reception to the receiver to two or more transmitting sequence signals, 
such as multiuser and ** single user juxtaposition transmission, and its receiver so that it may 
compensate these two points. Moreover, other purposes of this invention presume the channel 
value of an input signal from an input signal and the known signal as a reference sign. In the 
receiving approach of processing an input signal using the presumed channel value, performing 
decode processing to the processed signal, repeating processing and decode processing in which 
the channel value which carried out [ above-mentioned ] presumption was used to the same 
input signal, and performing them It is in offering the turbo receiving approach that a short 
paddle known signal can perform channel presumption with a sufficient precision comparatively, 
and its receiver. 
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MEANS 

[Means for Solving the Problem] This 1 st invention is the turbo receiving approach of receiving 
the sending signal of N sequence (N is two or more integers). M input signals rm (m= 1 . , M), 
From the known signal of N sequence, the channel value hmn (q), and (n= 1. , N) are 
calculated. Prior information lambda 2 on N sequence acquired by decode It is based on [bn 00] 
and is soft decision transmitting symbol b'n. It asks for (k). The channel value hmn (q) and soft 
decision transmitting symbol b'n Interferent component H-B' (k) made by sending signals other 
than the sending signal of the intersymbol interference which the sending signal of n sequence 
eye itself makes, and n sequence eye is calculated using (k), and it is here, and is [0019]. 
[Equation 16] 

'H(O) -H(Q-l) 0 

H = 



H(o) 



H(Q-i). 



H(q) = 



hMlfa) — h MN(<l) 



[0020] B' (k) =[b'T (k+Q -1) — b'T (k) — b'T(k-Q +1)]Tb'(k+q) =[b'1 (k+q) b'2 — (k+q) b'N (k+q)] 
Tq=Q -1 .... -Q+1 It is b'(k) =[b'1 at q!=0. (k) — 0 — b'N [ (k)] T The zero of the element of (bXk) 
by q= 0 n-ths), ] Q is the number of tine multi-passes of each sending-signal electric wave, q= 0, 
— , Q-1, and _. T expresses a transposed matrix. 

[0021] this intersymbol-interference H-B' (k) — from receiving vector y (k) — deducting — 
difference — it asks for vector y' (k). 

here _ y _(_ k _)_ = _[_ r T — rT (k+Q -1) — (k+Q -2) — rT — (— k — ) — ] — Tr — 
(_ k _) _ = _ [— r — one — (— k — ) — r — two — (— k — ) — rM — (— k — ) — ] — T 
— a channel — a matrix — H — or — a reference sign — using — difference — for removing 
the residual interferent component in vector y' (k) adaptation filter coefficient wn to the input 
signal of the sending signal of n sequence eye (k) — asking — difference — vector y' (k) — the 
above-mentioned adaptation filter factor wn as the input signal [ as opposed to / carry out 
filtering by (k) and / the sending signal of n sequence eye ] by which interference removal was 
carried out — the logarithm of n sequence — a likelihood ratio is obtained, the logarithm of 
these N sequence — it decodes using a likelihood ratio. 

[0022] the — two — invention — depending — if — the — one — invention — setting q — 
= _ zero _ a case _ D '(k) =[b'1 (k) — tfb'n (k)) —b'N (k)] Tb' (k) — an element — f (b'n (k) is 
the n-th) f ( ) is f(0) =0 and d{f (characterized by considering as the function which makes a 
variable b'n (k) which fills b'n (k)}/d{b'n (k)} >=0.). According to the 3rd invention, identification 
processing is divided into two or more steps, and is performed, and the latter part lessens the 
number of the sequences of an identification output. 

[0023] According to this 4th invention, the channel value of an input signal is presumed from an 
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input signal and the known signal as a reference sign. In the turbo receiving approach of 
processing an input signal using the presumed channel value, performing decode processing to 
the processed signal, repeating processing and decode processing in which the channel value 
which carried out [ above-mentioned ] presumption was used to the same input signal, and 
performing them The probability of the decoded hard decision information symbol is determined 
from the value of the soft-decision information symbol, and the probability uses it for the 
reference sign of next channel presumption of the hard decision information symbol beyond a 
predetermined value. 
[0024] 

[Embodiment of the Invention] The example of the MIMO structure of a system by which this 
invention is applied to 1st invention (1) drawing 1 is shown. Transmitter S1 of N individual of a 
transmitting side — It sets to each of SN and is the information sequence c1. (i) — cN (i) is 
encoded by the encoder 11-1, — , 11-N, respectively. A modulator 13-1, — , 13-N are supplied 
as a modulating signal through INTARIBA 12-1, — , 12-N, a carrier signal is modulated by these 
modulating signals, and these coding output is a signal b1. (k), — , bN It is transmitted as (k). That 
is, sending signal b1 from Transmitters SI, — , SN (k), — , bN It is the case where (k) is the 
sending signal of N sequence. 

[0025] Input-signal r (k) received by the multi-output receiver through the transmission line 
(channel) is inputted into the multi-output equalizer 31, and the signal received by the receiver is 
changed into baseband signaling, and the baseband signaling is sampled, for example with one 
half of the periods of the symbol period, is changed into a digital signal, and is inputted into an 
equalizer 31 as the digital signal. Moreover, let this digital signal be one or more integers [ M ]. 
For example, let the input signal from M antennas be the input signal of M digital signals, the 
logarithm of an equalizer 31 to N individual — likelihood ratio lambda 1 [b1 (k)], — , lambda 1 [bN 
(k)] is outputted. lambda 1 [b1 (k)], — , lambda 1 [bN (k)] is the prior information lambda 1, 
respectively. [b1 (k)], — , lambda 1 [bN (k)] is subtracted by the subtracter 22-1, — 22-N, 
respectively. Through DEINTARIBA 23-1, — , 23-N, it is inputted into the (SISO) 
decoder (channel decoder) 24-1, — -, 24-N, respectively, and decodes, a decoder 24-1, — , the 
decode information sequence c1 from 24-N (i), — , c'N while (i) is outputted — a logarithm — 
likelihood ratio lambda 2 [b1 (i)], — , lambda 2 [bN (i)] is outputted, respectively, lambda 2 [b1 (i)], 
— , lambda 2 [bN (i)] is lambda 1 by the subtractor 25-1, — , 25-N. [b1 (i)], — , lambda 1 [bN (i)] 
is subtracted, respectively. Furthermore, INTARIBA 26-1, — , 26-N are led, respectively, and it is 
lambda 2. [b1 (k)], — , lambda 2 The multi-output equalizer 31 and a subtractor 22-1, — , 22-N 
are supplied as [bN (k)], respectively. 

[0026] Input signal rm from multiuser (two or more transmitters) (k), and (m= 1 , — , M) are an 

input of an equalizer 31. rm (k) =sigmaq=0 Q-1 sigman=1 N hmn(q) and bn+(k-q) vm (k) (20) 

It becomes what was added by the multiple user. q= 0, — , Q-1, and Q are y(k) **[rT rT (k+Q -1), 

if the number of the multi-passes of each transmitted electric wave and the same procedure as 

the case of a single user define vector y (k). — (k+Q -2) It is rT (k). 

]T(21) 

= H-B (k) +n (k) (22) 

here — Kk) =[r1(k) — rM(k)] T [0027] 

[Equation 17] 

~H(0) - H(Q-l) 0 
H= \ \ (23) 



H(0) 



H(Q-l) 



However, [0028] 
[Equation 18] 

"h n (q) h JN (q) 



H(q) = 



^Mi(q) ••■ h mn(i) 



(24) 
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[0029] 

B(k) =[bT (k+Q -1 ) — bT (k) — bT (k-Q +1 ) 
]T(25) 

b(k+q) = [b1 b(k+q)2 —(k+q) bN] (k+q) T q=Q -1, Q-2, — -Q+1 (26) 

It becomes. Next, in an interference removal step, it is assumed that the signal from the n-th 
user (transmitter) is a request now. the compound thing with interference which the signal of 
interference and the n~th user by the signal of users other than the n-th itself makes from this 
example using the soft decision symbol estimate of the signal from all users (transmitter), and 
the channel matrix (transmission-line impulse response value matrix) H, i.e., interference replica 
H-B\ (k) — reproducing — as follows — y (k) to this interference replica — subtracting — 
difference — vector y' (k) is generated. 
[0030] 

y'(k) **y(k)-H-B' (k) (27) 
= H-(B(k)-B' (k)) +n (k) (28) 

It is here. B'(k) = [b'T(k+Q -1) — bT(k) — bT (k-Q +1)] T (29) 

and — b'(k+q) =[b'1 b(k+q) '2 —(k+q) b'N] (k+q) T : q=Q -1, — , -Q+1, and q!=0 (30) 
b '(k) = [b f 1 (k) —0 —b'N (k)] T : q= 0 (31) . 

Zero in the element of b' (k) is the n-th. b ? n (k) is b'n like a formula (15). It is the soft decision 
transmitting symbol estimate which calculated and calculated (k) =tan h [Iambda2 [bn (k)]/2]. 
Vector B' (k) is the replica vector of an interference symbol. 

[0031] Next, n-th filter factor wn for users for erasing the interference remainder based on the 
remainder of an interferent component, i.e., the incompleteness of interferent component replica 
H-B' (k), and the interferent component which the signal of the n~th self makes wn which makes 
the following formulas (32) min for (k) It asks for (k) by the MMSE (2nd [ an average of ] power 
error of the minimum) norm. 

wn (k) =arg min ||wn H (k) and y'(k)-bn (k) ||2 (32) 

The following actuation is the same as that of the case of a single user. That is, calculated wn 
(k) is used and it is wn H. (k) -y' (k) is calculated, DEINTARIBA 23-n is minded for the count 
result, and it is lambda 1. As [bn (01 it inputs into decoder 24-n and a decode operation is 
performed. 

[0032] It asks for filter (linear equalization) processing from the input signal rm by the above 
approach from a user 1 to N. As a result, the number of outputs of an equalizer 31 serves as N, 
and these outputs are decoded by each decoder 24-1 , — , 24-N. The above is the escape for the 
multiuser (MIMO) of the turbo receiver for single users. From the above explanation, the example 
of a functional configuration of the multi-output equalizer 31 comes to be shown in drawing 2 . 
Receiving vector y (k) is generated by the receiving vector generation section 311, and M input 
signals rm (k) are supplied to the identification section 312-1 for every user - 313-N. Moreover, 
the channel matrix H calculated in the channel presumption machine 28 is supplied to the 
identification section 312-1 - 312-N. The prior information lambda 2 from each channel decoder 
24-n [bn (k)] is inputted into the soft decision symbol presumption section 313, and it is soft 
decision transmitting symbol estimate b'n, respectively, (k) =tanh [Iambda2 [bn (k)]/2] is 
calculated. The functional configuration and processing in the identification section 312-1 - 312- 
N are the same, are represented with the identification section 312-1, and are explained. 
[0033] Furthermore, it is the estimate b'1 of a soft decision transmitting symbol, (k) - b'N (k) The 
interference replica vector generation section 314-1 is supplied, and it is the interference replica 
vector B'1 by formula (29) - (31). (k) is generated, this vector B'1 filtering of the (k) is carried 
out according to the channel matrix H in the filtering section 315-1 — having — interference 
replica component H-B' of that result — 1 (k) — the difference operation part 316-1 — 
receiving vector y1 it deducts from (k) — having — difference — vector y'1 (k) is generated. 
[0034] The filter coefficient presumption section 317-1 is asked for the filter factor w1 the 
channel matrix H or for a reference sign being inputted so that it may mention later, and 
removing the remainder of said interferent component (k) at least. Filter factor w1 to which the 
channel matrix H from the channel presumption machine 28, covariance sigma2 of a noise 
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component, the soft decision transmitting symbol b'1 from the soft decision symbol generation 
section 313-1 (k) - b'N (k) are inputted into the filter factor presumption section 317-1, and 
make a formula (32) min in this example (k) is called for by the 2nd [ an average of ] power error 
norm of the minimum. This filter factor w1 The concrete processing which asks for (k) is 
described later, the adaptation filtering section 318-1 — difference — vector y'1 (k) — filter 
factor w1 as the identification output of an input signal [ as opposed to / it is processed by (k) 
and / the sending signal from a user 1 ] — lambda 1 [b1 (k)] is outputted. 

[0035] Moreover, the procedure of the multi-input multi-output turbo receiving approach of the 
example of this invention mentioned above is shown in drawing 3 . They are input-signal r (k) and 
each training signal bn at step S1. Covariance sigma2 of the channel value hmn (q) and a noise 
component are calculated from (k). The channel matrix H is calculated from the channel value 
hmn (q) at step S2. Each prior information lambda 2 acquired by the last processing in turbo 
reception at step S3 [bn (k)] to soft decision transmitting symbol estimate bn (k) =tanh (Iambda2 
[bn (k)]/2) is calculated. 

[0036] Receiving vector y (k) is generated from input-signal r (k) by step S4, and it is each soft 
decision transmitting symbol estimate b'n at step S5. (k) is used and it is interference replica 
vector B'n by formula (29) - (31). Interferent component replica H-B'n [ as opposed to / 
generate (k) and / the input signal from the n-th transmitter at step S6 ] (k) is calculated, step 
S7 — receiving vector y (k) to interferent component replica H-B'n (k) — deducting — 
difference — vector y'n It asks for (k). Multiplier wn of a filter for the channel matrix H, and the 
soft decision transmitting symbol b'1 (k) - b'N (k) and covariance sigma2 of a noise component 
to remove the residual interference in the input signal from the n-th transmitter at step S8 It 
asks for (k) by the 2nd [ an average of ] power error norm of the minimum which makes a 
formula (32) min. 

[0037] step S9 — difference — vector y'n (k) — receiving — filter factor wn filtering by (k) — 
carrying out — a logarithm — likelihood ratio lambda 1 [bn (k)] is obtained, step S — 10lambda1 
[bn (k)] to prior information lambda 2 the day interleave after subtracting [bn (k)] — giving — 
further — decode — carrying out — a logarithm — likelihood ratio lambda 2 [bn (k)] is 
outputted. These step S4-S10 are processed being simultaneous or one by one about n= 1 - N. 
then — if it investigates whether the count of decode of turbo reception, i.e., a count, turned 
into a predetermined number at step S11 and does not have a predetermined number — step 
S12 — a logarithm ~ likelihood ratio lambda 2 [bn (k)] to external information lambda 1 [bn (k)] 
— subtracting — the result — an interleave — carrying out — prior information lambda 2 In 
quest of [bn (k)], it returns to step S3. When decode is a count of predetermined at step S1 1, 
the decode result at that time is outputted at step S13. 

[0038] Next, the channel presumption section 28 is described. Each input signal rm (k) can be 
expressed with a degree type. 

rm (k) =sigmaq=0 Q-1 sigman=1 N hmn(q) and bn+(k-q) vm (k) (33) 

The channel presumption section 28 is the value and Noise vm of hmn (q) of a channel value 
(transmission-line impulse response) in a formula (33). It asks for the mean power (**sigma2) of 
(k). Usually, a transmitting side inserts unique WORD (training signal) known with a receiver at 
the beginning of each transmitting frame, as shown in drawin g 4 A, and the receiver presumes 
the channel value hmn (q) using RLS (recursive least square method) etc. by making the unique 
WORD (known signal) into a training sequence, the logarithm from each channel decoder 24-1, - 
-, 24-N — likelihood ratio lambda 2 [b1 (i)] f — lambda 2 About each of [bN (i)] If it is forward 
and negative about +1,-1, respectively Decode code-signal (transmitting coding symbol hard 
decision value) b1~ (i), It outputs as — and bN" (i) and these b1~ (i), — , bN" (i) are repeatedly 
inputted into the channel presumption machine 28 through INTARIBA 27-1 , — , 27-N. While 
input-signal r (k) is inputted into the channel presumption machine 28, unique WORD is inputted 
as a reference sign from the unique WORD storage section 29. The channel presumption 
machine 28 presumes each hmn (q) of a formula (33), and each value of sigma2 with the least 
square method based on the these-inputted signal. This presumption can be performed by the 
same technique as presumption of the impulse response in the case of presuming the impulse 
response of a transmission line and equalizing an input signal accommodative with an adaptation 
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filter. 

[0039] Thus, although the technique usually used uses a training sequence, it is necessary to 
make small the rate that the unique WORD in one frame occupies to gather a net transmission 
speed then, and the error of channel presumption increases. And the property of the repeat 
identification of the above [ the error ] will be degraded. Then, it is good to perform repeat 
presumption of a channel value as follows. The concept is shown in drawing 4 B. This also 
intends to presume the channel value repeatedly in each phase of repeat identification 
processing of the same input signal, i.e., repeat processing of turbo reception, and there is. That 
is, although a channel value is presumed to the information symbol sequence after unique WORD 
in the 1st time, using only unique WORD as a reference sign, an input signal is equalized using 
the presumed channel value and a transmitting symbol is presumed The symbol estimate (hard 
decision value) which used the unique WORD as a reference sign, performed channel 
presumption and was obtained by the last decode processing before identification processing of 
the 2nd henceforth is also used as a reference sign, and performs channel presumption within 
[ whole ] a frame. In this case, it is good to use only the hard decision value judged to be 
probable as a reference sign not using all hard decision values, a hard decision — the logarithm 
from decoder 24-n — likelihood ratio lambda 2 If this is forward using [bn (i)] and it is +1 and 
negative, it is carried out by being referred to as -1. that time — the logarithm — likelihood ratio 
lambda 2 It can be said that the hard decision value is probable, so that the absolute value of [bn 
(i)] is large, for example, a logarithm — 1 when judging likelihood 0.3 to be 1 — a logarithm — 1 
when judging likelihood 5 to be 1 is more nearly probable. Then, a threshold is used for below and 
it is the probable hard decision value bn. (i) is selected and how to perform channel presumption 
repeatedly using it is explained. 

[0040] first — the logarithm from decoder 24-n — likelihood ratio lambda 2 [bn (i)] — using — 
soft decision value bn of a symbol (i) — bn [(i) =tan h[ — lambda 2 — bn (i)]/2] 
It asks by carrying out. this actuation — a logarithm — it is to standardize a likelihood value to 1 
and for an absolute value not to exceed 1. Next, the threshold (between 0 and 1) is prepared 
beforehand and it is the soft decision value b'n. It is the hard decision value b~n to what has the 
larger absolute value of (i) than the threshold, (i) is saved, and this is repeated and it uses for 
channel presumption. For example, when a threshold is set as 0.9 f it is soft decision value b'n. 
Absolute values are 0.9 or more hard decision value b~n among (i). (i) is sorted out. Hard decision 
value b"n sorted out since the threshold was as high as 0.9 Since it is thought that the 
probability of (i) is high, it is thought that the precision of repeat channel presumption performed 
using these goes up, but in order that the part and the number of symbols sorted out may 
decrease, it is thought that repeat channel presumption precision falls. That is, it is necessary to 
select the optimal threshold between 0 and 1. Hard decision value b~n sorted out when a 
threshold is temporarily set up with 1 as a supplement Since there is (no i), it will be said that 
channel presumption is not performed repeatedly. Then, although stated later, a threshold is set 
about to 0.2 to 0.8, and is performed. 

[0041] Therefore, transmitting symbol estimate (hard decision value) b1~ to the 1st information 
symbol sequence (i), — and the symbol value judged to be probable with the threshold in bN~ (i) 
are memorized in the symbol storage section 32 last time as transmitting symbol estimate from 
the output of INTARIBA 27-1 , — , 27-N. In the 2nd repeat identification decode processing of 
input-signal r (k) (input-signal r (k) is memorized in the storage section), perform channel 
presumption using unique WORD first/and an information symbol sequence is received further. 
The last symbol storage section 32 to presumed transmitting symbol hard decision estimate b~1 
(j) f — t b~N Read the symbol value judged that is probable in (i), and it inputs into the channel 
presumption machine 28. Channel presumption is performed, that is, channel presumption within 
[ whole ] a frame is performed, and it is the estimate hmn (q) and sigma2. It uses and the 
identification and the decode (transmitting symbol presumption) to input-signal r (k) are 
performed. Under the present circumstances, the contents of storage of the symbol storage 
section 32 are updated last time by the symbol value was alike and judged that is probable with 
the threshold in that presumed transmitting symbol. Channel presumption in the case of 
identification and the repeat of decode performs channel presumption within [ whole ] a frame 
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like the following by presumption which uses unique WORD, and presumption using that judged 
that is probable in the last presumed transmitting symbol. Identification and decode (transmitting 
symbol presumption) are performed using the presumed channel, and the symbol storage section 
32 is updated last time. In addition, in the symbol storage section 32, it is the transmitting 
symbol hard decision value b~1 from a decoder last time [ this ]. (i), — , b~N Renewal of direct 
storing of the symbol value judged that is probable with the threshold in (i) is carried out last 
time at the symbol storage section 32, and when using the storage symbol value of the symbol 
storage section 32 last time [ this ], you may make it input into the channel presumption 
machine 28 through INTARIB A 27-1, ~, 27-N. 

[0042] By doing in this way, by the repeat, the error of channel presumption can decrease, the 
precision of symbol presumption can improve, and the problem of property degradation by the 
channel presumption error in turbo identification can be solved. Thus, when performing channel 
presumption in an information symbol sequence using a probable symbol hard decision value, the 
functional configuration shown in d rawin g 5 is added to each decoder 24-n. a logarithm 
likelihood ratio lambda 2 [bn (i)] is inputted into the soft decision value presumption section 241. 
b' n (i) =tanh (Iambda2 [bn (i)]) is calculated, and it is transmitting symbol soft decision value b'n. 
(i) is presumed. This value b'n (i) is compared with threshold Th from the threshold setting 
section 243 by the comparator 242. and it is b'n. 0 is outputted for (i) by smallness from 1 and 
Th above Th. on the other hand — a logarithm — likelihood ratio lambda 2^[bn (i)] is inputted 
into the hard decision section 244. lambda 2 Symbol hard decision value b~n set to -1 if [bn (i)] 
was forward and it was +1 and negative (i) is outputted and it is this symbol hard decision value 
b~n. (i) With [ a corresponding symbol soft decision value ] a threshold [ more than ], it is 
outputted, the gate 245 being used as open, the symbol storage section 32 is supplied last time 
through INTARIBA 27-n in drawing 1 , and said symbol under storage is updated. 
[0043] Moreover, the procedure of channel presumption also using a probable symbol hard 
decision value comes to be shown in drawing 6 . Channel presumption by input-signal r (k) and 
unique WORD is first performed at step S1, decode processing investigates whether it is the 1st 
time at step S2, and if it is the 1st time, steps S3-S10 under identification and decode 
processing, i.e., drawing 3 , will be processed using the presumed channel value hmn (q) at step 
S3, step S4 — a logarithm — likelihood ratio lambda 2 [bn (i)] — receiving — transmitting 
symbol hard decision processing — carrying out — hard decision value b~n (i) — asking — step 
S5 — a logarithm — likelihood ratio lambda 2 [bn (i)] — receiving — b'n (i) =tanh (Iambda2 [bn 
(i)]/2) — calculating — transmitting symbol soft decision value b'n (i) is presumed. It js symbol 
soft decision value b'n at step S6. (i) is correspondence symbol hard decision value b^n by 
whether it is more than threshold Th. The probable thing of (i) is determined and the contents of 
storage in the symbol storage section 32 are updated last time with the probable symbol hard 
decision value at step S7. Next, if it investigates whether the count of decode is a 
predetermined value at step S8 and has not become a predetermined value, it returns to step 
S1 . It returns to step S1 in drawing 3 through step S1 2 in drawing 3 correctly. 
[0044] If judged with decode processing not being 1 time at step S2, it will read from the symbol 
storage section 32 last time by step S9, the last storage symbol, i.e., probable hard decision 
symbol, channel presumption will be performed using this and the information symbol sequence 
of input-signal r (k), and it will move to step S3. In the above, also in processing of the 2nd 
henceforth, unique WORD carried out channel presumption from the initial state as a reference 
sign, and 2nd henceforth may use only the hard decision symbol appropriate for ** as a 
reference sign. In this case, it investigates whether it is the 1st processing by step S1\ and if it 
is the 1st processing, a channel value is presumed for unique WORD by this and the input signal 
as a reference sign by step S2', and as a broken line shows in drawing 6 , after memorizing that 
presumed channel value and the value of each parameter used for that presumption in the 
storage section by step S3', it will move to the identification of step S3, and decode processing. 
[0045] If it is not the 1st time in step S1\ in advance of channel presumption processing, the 
channel estimate and the various processing parameters which were previously memorized by 
step S4' will be set up, and it will move to step S9. The solution (32) to serves as a degree type 
in a place. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2006/05/26 



JP.2003-1 52603.A [MEANS] 7/23 ^—v 

wn (k) =(HG(k) HH+sigma2 I)-1 andh (34) 

I is a unit matrix and sigma2. It is the internal-noise power (covariance of a noise component) of 
a receiver, and sigma2 I corresponds to the covariance matrix of a noise component, and G (k) 
corresponds to a channel presumption square error. 
[0046] 

G (k) **E [(B (k)-B' (k)) -(B (k)-B' (k)) H] 
= diag [D (k+Q -1 ). — . D (k). — . D (k-Q +1 )] 
(35) 

ED expresses an average and diag expresses a diagonal matrix (elements other than the element 
of the diagonal line are zero). Again D(k+q) =diag [1-b'21 (k+q). — , 1-b'2 n (k+b), — , 1-b'2 N] 

At tne^time of q=Q -1, Q-2, — , -Q+1. and q!=0q=0 D(k) =diag [1-b'21 (k), — . 1, — , 1-b' 2 N (k)] 
(37) 

One in Vector D (k) is the n-th element (it is considering as the signal of a request of the n-th 
user's sending signal). 
[0047] 

[Equation 1 9] 

N|.(Q-0-N+n 



^2,(0.-1) N+n 



H MQ. 



(Q-D-N+n 



(38) 



[0048] That is, h consists of all elements of eye a -(Q-1) N+n train of H of a formula (23). The 
channel matrix H presumed with the channel presumption vessel 28 in the filter coefficient 
presumption section 317-1 of the multi-output equalizer 31 as shown in drawing_2 , and noise 
power sigma2 Soft decision transmitting symbol b'1 from the soft decision symbol generation 
section 313-1 (k) - b'N (k) is inputted and the residual interference removal filter factor wn (k) 
calculates by formula (34) - (38). Although an inverse-matrix operation will be performed, as for 
a formula (34), this operation can reduce the amount of operations by using the lemma (Matrix 
Inversion Lemma) of an inverse matrix. That is, a formula (36) and b'each 2 of (37) When all parts 
are approximated to 1, it is D(k+q) =diag[0, — , 0] =0. (q!=0) (39) 
D(k) =diag (0, — , [1 , — . 0]) (40) 

That is, as for all other elements, only the element of the n line n train in the element of DAW. is 
set to 0 by 1. It is wn if error matrix [ of the formula (35) decided by these formulas (39) and 
(40) ] G (k) is substituted for a formula (34). (k) =(h-hH+sigma2 I)-1 and h (41) 
It becomes, h was defined by the formula (38). 

[0049] By this approximation, it is wn. In order that (k) may not be dependent on k, it becomes 
unnecessary inverse-matrix calculating [ of every discrete time of day k ], and computational 
complexity is reduced. The lemma of an inverse matrix is applied to this formula (41). The lemma 
of this inverse matrix makes the square matrix of (M, M), and C as a matrix (M, N), and makes D 
the square matrix of (N. N) for A and B. and it is A=B-1+CD-1 CH. When expressed, it is the 
inverse matrix of A. (42) A-1=B-BC(D+CH BBC)-1CH B 

It is come out and given. It is set to -1+CD-1CHh(k) -h(k) H =CD-1 CH, sigma2 I=B -1. h(k) 
=CI=D -1 , and h(k) H =CH. if this theorem is applied to the part of the inverse-matrix operation 
in a formula (41) — h(k) -h(k) H+sigma2 I=B — If a formula (42) is calculated using this, the 
inverse-matrix operation in a formula (41) can be found. In addition, although the inverse-matrix 
operation (D+CH BBC) -1 is included also in a formula (42), since this inverse matrix serves as 
Scala, it is easily calculable. 

[0050] That is, it is wn in this case, (k) =1 /(sigma2+hH and h) h (41-1) It becomes. 1/( ) of the 
right-hand side of this formula is good also as 1, scalar, i.e., since it becomes in fixed numbers. 
Therefore, wn Since it can place with (k) =h, it is w only at h. (k) is determined. What is 
necessary is to input into the filter coefficient presumption section 317-1 in drawing 2 only h 
shown by the formula under channel matrix H (38) from the channel presumption machine 28, as 
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a broken line shows. 

[0051] In addition, the approximation by the formula (39) and the formula (40) can lessen 
computational complexity of a formula (34) not only when using the lemma of an inverse matrix, 
but by this approximation. If especially this approximation is performed, and the lemma of an 
inverse matrix is used, the amount of operations can be decreased further and the covariance 
matrix of a noise component will be set to sigma2 I in that case, it is wn as shown in a formula 
(41-1). It can approximate by (k) =h, and becomes unrelated to a covariance matrix, and count is 
simplified further. 

Signal bn detected in the identification processing which subtracts H-B' (k) from receiving 
vector y (k) shown in the 2nd invention (error correction reflection) type (27) The transmitting 
symbol soft decision value of signals other than (k) is the signal bn detected although the error 
correction decode result is reflected. The error correction decode result about (k) is not 
reflected. Then, processing as follows is desirable. 

[0052] It changes into a degree type, b' (k) (31), i.e., the formula, in a formula (29). 

b _ ■ _ (_ k _) _ = _ [— b — ' — one ~ (— k — ) b — ' — two — (— k — ) 

b'n - one — (— k — ) f (b'n (k)) — — b'n — + — one — (— k — ) — b'N — (k) — ] — 

(43) 

however, f (b'n (k)) — b'n the function of the arbitration which considers (k) as an input — signal 
bn detected by doing in this way It becomes possible to make an error correction decode result 
reflect also about (k). That is, it is without it is referred to as b'n (k) =0 (the signal which carries 
out **** leak ****** will be emphasized to a noise or an interference signal, and bn (k) can be 
correctly detected by adding the suitable value according to b'n (k).). 

[0053] About f (b'n (k)), it is b'n. The sign of (k) is b'n. It is related to the hard decision result of 
the symbol corresponding to (k), and b'n. It is b'n, so that the absolute value of (k) is large. It is 
necessary to fulfill the following conditions from the property in which the dependability of the 
hard decision symbol corresponding to (k) is large, b'n When the dependability of (k) =0, i.e., a 
hard decision symbol, is 0, the value of this function f is also 0. namely, — f(0) =0 (44) 
It comes out. Moreover, b'n If the value of (k) is large, the value of Function f will also turn into a 
big value, namely, — d{f(b'n (k))}/d{b'n (k)} >=0 (45) 

It comes out. As the example of such f (b'n (k)) Kb'n (k)) = alphaxb'n (k) (46) 
fCb'n 00) = alphaxb'n 2 (47) 

************. For example, a constant, then a formula (43) are [ alpha ] easily realizable using a 
formula (46). alpha is 0< alpha<0.6 here. If alpha is made larger than 0.6, a BER (error rate) 
property will deteriorate conversely and a right decode result will no longer be obtained. 
Moreover, carrying out adjustable [ of the alpha ] according to the reliability of a decode result is 
also considered. For example, alpha is set up for every repeat of decode processing. In this case, 
what is necessary is just to enlarge the value of alpha according to the count of a repeat of 
decode processing, in order that the reliability of a decode result may go up so that the count of 
a repeat of decode processing usually increases. Or what is necessary is to judge the reliability 
of the whole frame decoded for every repetition of decode processing, and just to determine the 
value of alpha based on the judgment. How to count the number of hard decision symbols which 
changed for example, the decode result from the time of the last decode as an approach of 
judging the reliability of the decoded frame, as compared with the decode result at the time of 
repeat decode 1 time ago can be considered. Namely, what is necessary is to judge with 
reliability being low, when there are many hard decision symbols which changed, and just to judge 
with reliability being high, when there are few hard decision symbols which changed. 
[0054] Moreover, such b'n It follows on modification of (k) and is the multiplier wn of an MMSE 
(2nd [ an average of] power error of the minimum) filter. It is desirable to change as follows the 
formula (35) used in case it asks for (k). 
G (k) =E[(B(k)-B' (10) - (B(k)-B' 00) 
)H] 

= diag [D (k+Q -1), — D (k), — , D (k-Q +D] 

It is [0055] from a formula (29) and a formula (31) here. 

[Equation 20] 
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B'(k). 



b'(k+Q-i) 




b((k) ■ 


b'(k+Q-2) 




b' 2 (k) 




b'( k) - 


* \ n V }) 


b r (k-Q+i) 







[0056] It carries out. The element of the n line n train of D (k) is E [[ (bn (k)+f (b'n (k))) ] and 
[ and] (bn (k)+f (bn (k))) ] *[ ]*. A complex conjugate is expressed. In a BPSK modulation, this 
formula turns into a degree type. 

E _ [_ bn — (— k — ) — two — + — 2b — n — (— k — ) — f (b'n 00) — + — f (b'n (k» — 
two — ] — = — E — [— bn — two — (— k —)—] — + — two — E — [— bn (k) f (b'n (k)]+E 
[f (b'n(k)2])) 

The average of this 1 st term is set to 1 . Moreover, bn A formula (37) is as follows when (k) is 

approximated by b' (k). 

[0057] 

D (k) — =diag[1-b'21(k) 1- b'22(k) — 1-b'2n- 1 (k) — 1+2E[f (b'n (k) b'n (k)) 

]+E[— f (b'n (k)2] — 1-b'2n+1 (k) — 1»b'21 (k) — ]) 

(48) 

For example, D (k) is as follows when f (b'n (k)) is made into a formula (46). 

D — ( — k — ) — = — diag — [— one - b — ' ~ 21 — (— k — ) one - b — ' — 22 — (- 

- k — ) one - b — ' — two — n - one — (— k — ) one — + (2 alpha+alpha 2) — b 

— ■ _ two — n ( — k — ) one - b — ' — two — n — + — one — ( — k — ) — 1- 

b'21 (k) — ] — (49) 

Thus, when making an error correction decode result reflect in the signal to detect, it is the 
adaptation filter factor wn. It is the sending signal b1 from the 1st transmitter as a signal which 
detects the example of a functional configuration which presumes (k). The case where it is 
referred to as (k) is shown in drawing 7 A. Soft decision transmitting symbol b'1 (k) is inputted 
into the function operation part 331-1, and the function operation f (b'1 (k)) calculates. 
Moreover, soft decision transmitting symbol b'1 from the decoder of N individual (k) - b'N (k), and 
f (b'1 (k)) are inputted into the error matrix generation section 332-1, and operation generation 
of the error matrix G (k) is carried out by a formula (35), a formula (36), and the formula (48). 
This error matrix G (k), and the presumed channel matrix H and noise power sigma2 It is inputted 
into the filter factor generation section 333-1, a formula (34) is calculated here, and it is the 
adaptation filter factor wn. (k) is presumed. In this case, f (b'n (k)) is inputted also into the 
interference replica vector generation section 314-1, and interference replica vector B[ of a 
formula (30) and a formula (43) to a formula (29) ] ' (k) is generated, filter coefficient wn (k) — 
difference — vector y' (k) carries out filtering in the adaptation filter section 318-1 — having 
a logarithm — likelihood ratio lambda 1 [b1 (k)] is obtained. In addition, in the case of the filter 
factor presumption section 317-1 in drawing 2 , the function operation part 331-1 in drawing 7 A 
is omitted, and it is the soft decision transmitting symbol b'1. (k) - b'N (k) will be inputted into 
the error matrix generation section 332-1, and a formula (34) will calculate. 
[0058] Although interference replica vector B' (k) is generated by step S4 in drawing 3 , steps 
S5-S7 are processed further and it asks for the filter factor wn in step S8 (k) When calculating a 
formula (34) in processing of this step S8 As shown in drawing 7 B, it is the soft decision 
transmitting symbol b'1 at step S8-2. (k) - b'N (k) is used. Formula (35) - (37) is calculated, error 
matrix G (k) is generated, and it is error matrix G (k), the presumed channel matrix H, and noise 
power sigma2 at step S8-3. It uses and is the adaptation filter factor wn by the operation of a 
formula (34). It asks for (k). 

[0059] To reflect an error correction decode result in the signal detected as mentioned above 
Soft decision transmitting symbol bn of a signal to detect by step S8-1 before step S4 in 
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drawing 7 B The function operation of the (k) is carried out. What is necessary is to use a 
formula (43) instead of a formula (31), that is, for a formula (29). a formula (30), and a formula 
(43) to generate interference replica vector B' (k), and just to use a formula (48) instead of a 
formula (37) by step S4, step S8-2 using this. As mentioned above, it is f (by the case where it 
considers as alphab'n (k) or alphab'n (k) 2. b'n (k)). When changing alpha, the reliability of the 
count of processing or the decoded whole frame determines alpha by step S8-1-1, and it is 1+(2 
alpha+alpha 2) b'n at step S8-1-2. 2 What is necessary is to calculate and just to use as f (b'n 
(k)). 

[0060] The technique of making an error correction result reflect in this signal to detect is 
applicable also to the single user turbo receiver explained by the term of the conventional 
technique. Moreover, what is necessary is to be able to apply the approximation shown in a 
formula (39) and (40), and just to input into the filter coefficient generation section 333-1 the 
matrix h shown in a formula (38) from the channel presumption machine 28 in this case, in the 
technique of making an error correction result reflect in this signal to detect, as a broken line 
shows in drawing 7 A. By it is the adaptation filter coefficient wn. Although it asked for (k) 

by the formula (34), that is. being asked using the channel matrix H, it is not necessary to use 
the channel matrix H. That is. in the 1st time of decode processing (turbo reception), the error 
vector G in a formula (34) serves as a unit matrix, therefore, difference — vector y' (k). a 
training signal or this, and hard decision transmitting symbol b~n (k) — it mentioned above 
preferably — as — b~n with high reliability (k) — the filter factor generation section 333-1 — 
inputting — RLS (recursive least square method) etc. — applying — serially — a target — 
adaptation filter factor wn (k) may be computed. The error vector G is the adaptation filter 
coefficient wn 2nd after repeat processing of decode, in order to be dependent on the discrete 
time of day k. It is necessary to update (k) for every symbol, as stated previously, the channel 
matrix H is used, and it is the adaptation filter factor wn. It is desirable to determine (k). 
[0061] The 4th invention (channel presumption) 

It repeats, as mentioned above. To channel presumption the hard decision value of not only 
known information like unique WORD but an information symbol, and also using especially the 
probable thing as a reference sign Not only in when using for said multi-input multi-output turbo 
receiving approach, generally Presume the channel (transmission line) of an input signal from an 
input signal and a known signal, decode by processing an input signal using the presumed channel 
value and the decode signal is used. It is applicable to the turbo receiving approach of 
performing the processing and decode processing by the channel value which repeated and 
presumed the same input signal. 

[0062] The example which also applied the hard decision value of this information symbol to 
channel presumption and the turbo equalizer 41 at drawin g_8 is shown. The turbo equalizer 41 
determines a linear equalization filter factor with a presumed channel value, processes an input 
signal with the linear equalization filter, decodes the processed signal, and repeats and processes 
the same input signal using the decode signal. Input-signal r (k) is supplied to the channel 
presumption machine 42 while it is inputted into the turbo equalizer 41 . With the channel 
presumption vessel 42, a channel value (line characteristic) is presumed by input-signal r (k) and 
the unique WORD from the storage section 29. Identification processing of the input-signal r (k) 
is carried out by the presumed channel value within the turbo equalizer 41, and after that while 
decode processing is carried out and decode data c' (i) is outputted, soft decision value b' (i) is 
outputted By being inputted into the symbol selection machine 43, if the absolute value of soft 
decision value b' (i) is more than threshold Th, soft decision value b' (i) Updating storing of the 
hard decision value b~ (i) is carried out last time as a probable (reliable) thing at the symbol 
storage section 32. In the channel presumption processing in the channel presumption section 42 
at the time of repeating and carrying out reception (equalizing processing) of the future same 
input-signal r (k), not only unique WORD but hard decision value b[ of the information symbol 
memorized by the symbol storage section 32 last time ]" (i) is used. 

[0063] The turbo equalizer 41 is a part except the symbol storage section 32 the repeat channel 
presumption machine 28 receiving in a plane shown in drawing 1 . the unique WORD storage 
section 29. and last time. You may be a receiver in d£awing_29 . That is, the solution (19) to 
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serves as the following by the Wiener solution also in this case. 
w(k) =E[y'(k) y'H (k)] and E[b (k) -y (k) 

= [Hlambda(k) H+sigma 2 I] -h (50) 

It is the thing and sigma2 =E [||v||2] (distribution of a noise) as which H was defined by the 
formula (8) here, and h**[H (Q-1), — , H (0)] TH( ) was defined by the formula (5). 
lambda(k) =diag[— 1-b' — 12 (k+Q -1), — 1, — -b'2] (k-Q +1) 

Thus, also in the receiver in drawing 29 , presume channel H ( ), it identification filter-factor w 
(k) Asks using this channel H ( ), filtering of the input signal is carried out by filter factor w (k), 
and decode processing is performed to that processed output. Therefore, in this repeat 
reception, right channel presumption can be obtained more by using a hard decision information 
symbol with said dependability for channel presumption. 

[0064] Drawing 9 shows the example of the turbo receiver which applied said repeat channel 
presumption approach to the repeat reception which performs lake (RAKE) composition 
processing. Input-signal r (k) is supplied to the RAKE composition processing section 45 and the 
channel presumption machine 42. A channel value is presumed by input-signal r (k) andxinique 
WORD with the channel presumption vessel 42, and compensation over the phase rotation which 
each symbol received in the RAKE composition processing section 45 in the transmission line, 
and RAKE composition processing are performed by the presumed channel value, that is, time 
diversity processing is performed, and the 1st time is outputted to the turbo decoder 46. Decode 
data c (i) and soft decision value b' (i) are outputted from the turbo decoder 46. Soft decision 
value b' (i) is inputted into the symbol selection machine 43, and like said example, although 
seemingly it is the **, updating storing of hard decision value b[ of an information symbol T (0 is 
carried out last time at the symbol storage section 32. In the repeat reception of RAKE 
receiving-turbo decoding of the 2nd henceforth, not only unique WORD but the hard decision 
value of the last information symbol is used for channel presumption with the channel 
presumption vessel 42. Thereby, since presumption of a channel can carry out to accuracy more, 
improvement in quality can be aimed at. 

[0065] Drawing 10 shows the example of the turbo receiver which used the adaptive (adaptation) 
array antenna and which applied said repeat channel presumption approach to reception 
repeatedly. Input-signal r (k) is received by the adaptive array antenna receive section 47. The 
branching input of the input signal is carried out at the channel presumption machine 42, and 
channel presumption is performed by this and unique WORD. Using the presumed channel value, 
toward the arrival direction of the purpose wave, the main beam of the antenna directional 
characteristics of the adaptive array antenna receive section 47 so that null may be suitable in 
the arrival direction of an interference wave The weight to each antenna element or a 
corresponding receiving path is determined in the array weight decision section 48, and the 
weight is set as an applicable part The reception output of the adaptive array antenna receive 
section 47 is supplied to the turbo decoder 46, and is decoded, the decode data c (i) and soft 
decision value b' (i) are outputted, soft decision value b' (i) is inputted into the symbol selection 
machine 43, and the updating storage of the probable hard decision value is carried out last time 
at the symbol storage section 32. In the repeat reception of the adaptive array antenna receive 
section 47-turbo decoder 46 of the 2nd henceforth, not only unique WORD but the hard decision 
value of the last information symbol is used for channel presumption with the channel 
presumption vessel 42. Channel presumption is performed more correctly by this, consequently 
control of antenna directional characteristics is performed more to accuracy, and improvement 
in quality can be aimed at. 

[0066] In addition, if the turbo equalizer 41 in drawing 8 is shown simple, as shown in drawingJl 
A, it will be the format of the series connection of (SISO) equalizer (equalizer) 

41a and SISO decoder (decoder) 41b, and repeat actuation will be performed between these 
equalizer 41a and decoder 41b. If the turbo decoder 46 in drawing 9 and drawing 10 is shown 
simple, as shown in drawing 1 1 B, it will be the format of the series connection of SISO decoder 
46a and SISO decoder 46b, and decode will be repeatedly performed between decoder 46a and 
46b. Even for a SISO decoder, drawing _9 R> 9 and the turbo decoder 46 in dj^v^gJO are. 
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[0067] The example shown in the above drawing 8 thru/or drawing 10 is collectively shown in 
drawing 12 . That is, it processes with the channel value which repeated the input signal and was 
fi^tTpresumed with the channel presumption vessel 42 with the receiver (turbo receiver) 49. 
Carry out decode processing of the processed signal, output decode data (symbol) c' 0) and its 
soft decision value b' (i) as the decode processing result, and the soft decision value b' (0 is set 
in the symbol selection vessel 43. As compared with a threshold, that judged whether 
correspondence decode data c (i) and a (symbol hard decision value) would be probable, and 
judged that is probable carries out updating storing of the hard decision value last time at the 
symbol storage section 32. It is made to perform channel presumption besides known information 
like unique WORD at accuracy to channel presumption in the channel presumption machine 42 in 
the repeat of processing-decode processing using the presumed channel value of the 2nd 
henceforth more also using the last symbol hard decision value. 

[0068] The example of the procedure of the repeat input-signal approach of also using this 
symbol hard decision value for drawin g 13 is shown. A channel value will be presumed with an 
input signal and a known signal at step S1, and it will investigate whether it is the 1st time of 
repeat processing at step S2, and if it is the 1 st time, an input signal is processed with the 
channel value presumed at step S1 by step S3, after that, decode processing will be performed 
and a symbol hard decision value and a soft decision value will be calculated. The last symbol 
hard decision which memorizes to drawing by step S4 and has memorized what has the symbol 
soft decision value to a probable correspondence symbol hard decision value in the storage 
section 32 at step S5 at the taken-out symbol hard decision value is updated. Decode 
processing investigates whether it is a count of predetermined at step S6, and if it is not a count 
of predetermined, it returns to step SI. If it is not the 1st time of repeat processing at step S2 
the last symbol hard decision value will be read from the storage section 32 at step S7, this and 
the information symbol of an input signal will perform channel presumption, and it will move to 

step S3. * 
[0069] As step S1' - S4' explained with reference to drawing 6 also in this case, processing ot 
the 2nd henceforth does not need to use a known signal. Between the adaptive array antenna 
receive section 47 and the turbo decoder 46, as a broken line shows the example shown in 
drawing 10 , the RAKE composition processing section 45 may be inserted. In this case, channel 
presumption for each symbol phase spin compensation in the RAKE composition processing 
section 45 and RAKE composition may be made to serve a double purpose with the channel 
presumption vessel 42, and may be prepared according to an individual. 

[0070] It processed in the example of the 2nd invention in consideration of the example and 
error correction of the turbo receiving approach (the 1st invention) which carried out the noise 
above-mentioned other than the white nature Gaussian random noise, and the example of the 
turbo receiving approach (the 4th invention) of having the description in the channel presumption 
approach, having assumed that a noise was white nature Gaussian random noise. Namely, input 
signal rm of each antenna vm in the right-hand side of the formula (20) showing (k) (k) is 
assumed in case of white nature Gaussian noise. White nature Gaussian noise follows Gaussian 
distribution, and is E[vm (k) and vm] (k-q) =sigma2 here. : In the case of q= 0. in the case of 0:q. 
=0 ED is expected value and sigma2. It is a variance. It is the signal which has the becoming 
statistical property. The thermal noise which generates white nature Gaussian noise within an 
antenna element is mentioned as an example. It is a filter factor wn that the assumption of this 
white nature Gaussian noise is reflected. It is the part of sigma2 I in the formula (50) which asks 
for the formula (34) which asks for (k), or filter factor w (k). For example, wn of a formula (34; W 
and wn (k) =(HG(k) HH+E [n(k) and nH (k)])-1h = (HG(k) HH+sigma2 I) it is computed through a - 
1h process. Here, it is vm. (k) is distributed sigma2. It is calculated with n(k) and E[nH (k)] 
=sigma2 I by assumption called the white nature Gaussian noise which it has. channel matrices H 
and sigma2 presumed by the repeat channel presumption machine 28 ( dxawjng .1 ) or 42 
( drawing 1 21 2 ) beforehand — a logarithm — error matrix G (k) calculated from a likelihood 
value — a formula (34) — substituting — filter factor wn (k) is computed. 
[0071] In a place, it is Noise vm. The case where (k) is not white nature Gaussian noise is 
considered. In this case, since it cannot be referred to as n(k) and E[nH (k)] -sigma2 I, it is a 
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filter factor wn. In order to compute (k), it is necessary to presume expected-value (covariance) 
matrix [ of a noise component ] E [n(k) and nH (k)] by the option. This approach is explained 
below. The covariance matrix of a noise component is written as U**E [n(k) and nH (k)] here. It 
will become a degree type, if y(k) =H-B(k)+n (k) of a formula (22) is transformed with n(k) =y(k)- 
H-B (k) and it substitutes for a covariance matrix U. 
[0072] 

U=E [n(k) and nH (k)] 

= E [(y(k)-H-B (k)) -(y(k)-H-B (k)) H] 

Now, if B (k) is [ input signal ] available by estimate H~ of the channel matrix H, and the 
reference sign in vector y (k) and channel estimate, Matrix U is a time average method. 
If =sigmak=0 Tr (y(k)-H~-B (k)) and (y(k)-H~-B (k)) H (51) It can presume. Here, Tr is the 
number of reference-sign symbols. 

[0073] Covariance-matrix IT is presumed with the channel matrix H using a formula (51) during 
the repeat channel presumption machine 28 or repeat channel presumption in 42. The procedure 
is shown in drawing 14 . The unique WORD and the information symbol sequence in one frame in 
an input signal are shown in drawing 14 A, and processing of the 1 st henceforth is shown in 
drawing 14 B. The 1st processing makes only unique WORD a reference sign, and presumes the 
channel matrix H first. Next, U is presumed to be unique WORD by the formula (51) using the 
channel matrix estimate H~. These estimate U and H~ are used and it is a filter factor wn (k). 
wn (k)=(H~G(k)H~H +lT)-1 h (52) 

It computes and is this filter coefficient wn. 1 st identification to an input signal is performed 
using (k), and a transmit information symbol is presumed. 

[0074] Among the information symbols presumed to be unique WORD by the 1st identification, 
the 2nd processing re-presumes U, after re-presuming H in the same procedure as the 1st time 
by making into a reference sign both thing * judged that is probable with the threshold. By 
repeating this actuation, for every repeat, channel matrix estimate H~ becomes more exact, and 
the estimate of U becomes more exact, and it is a filter factor wn. The precision of (k) goes up 
and the property of an equalizer improves. Turbo reception in case the noise which is not white 
nature Gaussian random noise is included in an input signal by the above processing can be 
performed. 

[0075] as the identification output of the input signal of the sending signal from the 1st 
transmitter of the multi-output equalizer 31 which showed the functional configuration in the 
case of presuming the covariance matrix U of the noise in the input signal mentioned above, and 
performing linear equalization processing in drawin g 2 — a logarithm — likelihood ratio lambda 1 
The example applied when asking for [b1 (k)] is shown in drawing 1 5 . The same reference 
number is attached to drawing 2 in drawing 1 5 , and a corresponding part. Last time, the unique 
WORD from the unique WORD storage section 29 or the last symbol hard decision probable from 
the symbol storage section 32 is inputted into the reference vector generation section 319, and 
reference vector B (k) is generated by a formula (25) and the formula (26) here. This reference 
vector B (k), presumed channel matrix H~ from the channel presumption machine 28, and 
receiving vector [ from the receiving vector generation section 31 1 ] y (k) are supplied to the 
covariance-matrix presumption section 321, a formula (51) is calculated here, and presumed 
matrix LT of a covariance matrix U is obtained. 

[0076] Moreover, the soft decision transmitting symbol soft decision b'1 from the soft decision 
symbol generation section 313-1 (k) - b*n Error matrix G1 to which (k) is inputted into the error 
vector generation section 322-1, and corresponds with a channel presumption square error by 
the formula (35), the formula (36), and the formula (37) here (k) is generated. This error matrix 
G1 (k), presumed covariance-matrix IT, and presumed channel matrix H~ are supplied to the 
filter presumption section 323-1, a formula (52) is calculated here, and it is a filter factor w1. (k) 
is presumed, this filter coefficient w1 the difference from (k) and the difference operation part 
316 _1 _ filtering [ as opposed to / vector y' (k) is supplied to the adaptation filter 318-1, and / 
y' (k) ] w1 (k) H y' (k) should do — that result — a logarithm — likelihood ratio lambda 1 It is 
outputted as [b1 (k)]. 

[0077] When making an error correction decode result reflect also about the signal to detect As 
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a broken line shows in drawing 1 5 , form the function operation part 331-1 shown in drawing 7 
R>7A, and f (b'n (k)) is calculated. What is necessary is to use a formula (43) instead of a formula 
(31) in the interference replica vector generation section 314-1, and just to use a formula (48) 
instead of a formula (37) in the error vector generation section 322-1 . The technique shown in 
drawing 14 B is shown in drawing 1 6 as a flow chart. That is, the channel matrix H will be 
presumed using input-signal r (k) and a known signal (for example, unique WORD) at step S1, and 
next, it investigates whether this processing is the 1st time in repeat processing at step S2, and 
if it is the 1st time, it will calculate a formula (51) using a known signal, presumed channel matrix 
rf , and input-signal r (k) at step S3, and will ask for presumed covariance-matrix U . 
[0078] A formula (52) is calculated using error matrix G (k) which becomes presumed channel 
matrix rf and presumed covariance-matrix If with a symbol soft decision value by step S4, and 
it is a filter factor wn. (k) is presumed, step S5 — presumed channel matrix hf and filter factor 
wn ( k ) — us i n g — an j np ut signal — identification processing — carrying out that is, a 
formula (27) — calculating — wn H (k) -y' (k) — calculating — a logarithm — likelihood ratio 
lambda 1 It asks for [bn (k)], decode processing is performed to this, and the hard decision value 
and soft decision value of a transmitting symbol are presumed. 

[0079] Step S6 calculates the probable (it is reliable) symbol hard decision value which 
corresponds from the symbol soft decision value more than a threshold. With this symbol hard 
decision value, the symbol hard decision value stored in the symbol storage section 32 last time 
is updated. Then, if it has not come to investigate whether the count of decode processing 
became a predetermined value at step S8 and is return and a predetermined value to step S1, 
the processing to the receiving frame will be ended. If the processing in repeat processing is not 
the 1st time at step S2 (i.e., if it is 2nd henceforth), a symbol hard decision value will be read 
from the symbol storage section 32 last time by step S9, the channel matrix H will be presumed 
by this and the information symbol in an input signal, and it will move to step S3. 
[0080] 2nd henceforth can be prevented from using a known signal by changing steps S1 and S2 
into the same processing as step S1' shown with the broken line in drawing 6 also in this case - 
S4'. Moreover, what is necessary is to perform the function operation f (b'n (k)) at step S10 into 
drawing 1 6 , as a broken line shows when the signal to detect also wants to make an error 
correction decode result reflected, and just to ask for error matrix G (k) using this result 
Furthermore, in the case of which, it is not necessary to use a hard decision transmitting symbol 
at presumption of covariance-matrix IT. it is said below that the covariance matrix U of that 
noise in the input signal in which the noise which is not this white nature Gaussian noise was 
included can be presumed — as — various kinds — it is applicable to useful application. 
[0081] (1) The receiving method for the multi-sequence sending signal in which an interference 
signal with a strange receiver is included is mentioned. As shown in drawing_28 . suppose that 
strange interference signal i (k) (for example, signal from the eel and zone of others [ mobile 
communication ]) is received by the turbo receiver in addition to the sending signal of the 
sequence of N individual like the signal from the transmitter of the user of N man whom a turbo 
receiver tends to receive as a broken line shows. At this time, it is a formula (20). rm (k) 
=sigmaq=0 Q-1 sigman=1 N hmn(q) and bn+(k-q +1) i(k)+vm (k) It becomes (20) '. It sets to this 
model and is i(k)+vm. (k) **v'm If (k) rm (k) =sigmaq=0 Q-1 sigman=1 N hmn(q) and bn+(k-q +1) 
v'm (k) It becomes (20) ". v'm As a noise signal which is not white nature Gaussian noise, (k) 
performs presumption of H. and presumption of further U, as stated previously, and it is wn. (k) 
can be presumed and turbo reception can be performed by repeating identification processing of 
an input signal, and transmitting symbol presumption. 

[0082] (2) In the communication system using a transceiver separation filter, in case over 
sampling technique is performed from 1/2 of a symbol period to an input signal at high speed, 
correlation cannot come out between the noise components contained in the input signal by 
which the sample was carried out by each time amount, and it cannot be considered that the 
noise in an input signal is white nature Gaussian noise. That is, it sets at a ceremony (20) and is 
E[vm (k) and vm] (k-q) =sigma2. : In the case of q= 0, it does not become the case of 0:q!-0. 
Therefore, the assumption E[n(k) and nH (k)] =sigma2 I Becoming cannot be performed. Then, by 
performing processing to the input signal separated with the transceiver separation filter in quest 
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of a covariance matrix U using a formula (51), an input signal can be processed correctly. 
[0083] (3) By the turbo receiving approach mentioned above, all the multi-pass components of Q 
pass from each transmitter (user) are compounded, and it has become constructing, however, 
when a long delay wave exists in a channel (example: — pass — the pass component of 1 
symbol delay, 2 symbol delay, and 30 symbol delay in case it is 3-symbols-delayed, and it flies 
and 30 symbol delay exists), it is possible to take the plan which does not compound a long delay 
wave, but treats it as strange interference, and is removed with an adaptation filter. That is, a 
long delay wave is removable by treating this long delay wave component as interference signal i 
(k) in the example of the above (1). 

[0084] In the processing to the input signal in which the noise which is not the white nature 
Gaussian noise mentioned above was included Presumption of a covariance matrix U is 
presumed instead of sigma2 I in a formula (50). Are applicable also to the single user turbo 
receiving approach. Similarly A single user. Irrespective of multiuser, it is applicable to the turbo 
reception using the adaptive array antenna reception shown in the RAKE composition processing 
reception shown in drawing 9 , or drawing 10 . channel presumption with the channel [ in / 
repeatedly / decode ] presumption vessel 42 still more generally shown in drawing 12 . and 
presumption with a covariance matrix U. In addition, in RAKE reception, only channel 
presumption may be used. 

[0085] the 3rd invention (multistage identification) **** — input signals r1 , — , rM the multi- 
output equalizer 31 — it is — equalizing — a logarithm — likelihood ratio lambda 1 [b (k)], — . 
lambdaN Although it asked for [b (k)]. in the modification (2) of the 1st invention, two or more 
identification stages are prepared in concatenation, and a more nearly latter equalizer is good 
also as a configuration which lessens the number of outputs. For example, as shown in drawing 
17 by dividing into two for this, with the preceding paragraph equalizer (multiuser equalizer) 71. 
the' interfered component outside the identification range of latter single user equalizer 21" is 
canceled, therefore pretreatment of software interference cancellation and MMSE (2nd [ an 
average of] power error of the minimum) norm linearity filtering is performed, for example, and 
the numbers of passes shown previously perform identification processing of the single user of Q 
by latter-part equalizer 21' after that. 

[0086] Thus, identification processing is carried out in concatenation and computational 
complexity can be prevented from becoming immense also by using a linearity filter for 
processing of the preceding paragraph. The example of the MIMO structure of a system to which 
the configuration and this invention of the example based on the underlying concept of the 1st 
invention (2) of this turbo receiving method of a multi-output turbo receiver are applied is shown 
in drawing 1 8 , the same reference number is attached to drawing 1 and a corresponding part, 
and duplication explanation is omitted (the same is said of the following explanation). The sending 
signal from each transmitter is received through a transmission line (channel) by the turbo 
receiver 30. This input-signal r (k) is inputted into the multiuser equalizer 71. From this equalizer 
71 Signal u1 with which interference by the signal from the transmitter of others [ signal / from 
each transmitter of N individual ] was removed, respectively (k), — and uN (k) and each channel 
value alpha 1 (k), — , alphaN (k) is outputted and it is inputted into the single user equalizer 21-1, 
— 21 -N respectively, from these SISO(s) equalizer 21-1, — . 21 -N — respectively — a 
logarithm — likelihood ratio lambda 1 [b1 (k)], — . lambda 1 [bN (k)] is outputted. Although future 
processings are the same as that of the case of drawing 1 R> 1 than this, they are the single 
user equalizer 21-1, — , the channel value alpha 1 used by 21 -N. (k), — . alphaN (k) is a channel 
value after multiuser identification, and differs from the channel matrix H. Therefore, this alpha 1 
( k ) — alphaN (k) is described as the channel information after identification. 
[0087] Hereafter, actuation of each part is explained. In consideration of several Q of a multi- 
pass (channel), formula (23) - (26) is defined like explanation of drawing 1 . An equalizer [ of the 
latter part in drawingj_8 ] 21-1, — . according [ 21 -N ] to signal symbol (bn (k), and [bn (k-1), — , 
bn] (K-Q +1) (n= 1, — , N)) of each user's self intersymbol-interference channel is equalized. 
Therefore in the equalizer 71 of the preceding paragraph, processing which removes 
interference other than the above (bn (k), and [bn (k-1), — , bn] (K-Q +1) (n= 1 , — , N)) in y (k) is 
performed. The quantitive explanation is given to below. 
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[0088] First, a decoder 24-1, — , prior information Iambda2 p of the equalizer 71 fed back from 
24-N It asks for soft decision transmitting symbol presumption b' (k) by the formula (15) using 
[bn (k)] (n= 1 , — , N). Next, these soft decision transmitting symbol b'n Replica H-B[ of an 
interference signal ] ' (k) is created using (k) and the channel matrix H, and it subtracts from 

y'nTkT^(k)-H-B' (k) (27) ' B'(k) =[b'T ~(k+Q -1) b'T (k) -b'T] (k-Q +1) T H-(B(k)-B' (k)) +n 
(k) and (28) ' — = here (29) — ' — and b'(k+q) =[b'1 b(k+q) "2 (k+q) — b'n — (k+q) b'N (k+q)]T : 
q=Q _ 1 _ -, (53) D '(k+q) =[b'1 b(k+q) '2 —(k+q) 0 —b'N] (k+q) T : q= 0 and — -Q+1 (54) 
(The zero in the element of b* (k+q) are the n-th) 

Actuation of subtracting this interference below will be called software interference cancellation, 
y'n (k) which will be obtained after subtraction supposing the replica of an interference signal is 
made ideally is the n-th user's symbol bn. (k). A formula (54) shows q= 1. — , that it cannot have 
in having set the n-th element of b' (k+q) to 0 by -Q+1 only with the intersymbohnterference 
component by a user's n-th own symbol [bn (k-1 ). — . bn] (k-Q +1 ) of ********. 
[0089] Although the contribution component from the signal of the n-th user (transmitter) within 
the receiving vector r (k) is based on a symbol (bn (k), and [bn (k-1), — . bn] (k-Q +D), it actually 
sees. But So that I may be understood from the definition of receiving vector [ of a formula 
(21) ] y (k) In the contribution component from the signal of the n-th user (transmitter) in 
receiving BEKURUTOy (k) which compounds by the multi-pass and is made, it is the k-th symbol 
bn. This is received if based on (k). Symbol [bn (k+Q -1) of the future, bn (k+Q -2), — , the 
intersymbol-interference component by bn (k+1)] will also be included. That is, the above- 
mentioned interference replica has also included the interfered component from the future, 
thus, the difference of formula (27) ' — vector y' (k) — the difference of a formula (27) — it 
differs from vector y' (k). . 
[0090] Then, the next step of the preceding paragraph processing in an equalizer /l is the 
interference surplus component after software interference cancellation, i.e., the residual 
interferent component based on said imperfect composition of interference replica H-B' (k), and 
said future intersymbol-interference component y'n The linearity filter of an MMSE (2nd [ an 
average of ] power error of the minimum) norm removes from (k). That is, filter shape wn y'n It is 
made for the result of having carried out filtering of the (k) as shown in a formula (55) to become 
equal to channel value alphaln, alpha2n, — , the sum that carried out the multiplication of the 
alphaQn, respectively as the symbol in the signal of the n-th user in an input signal (bn (k), and 

wn H^W and y'n (k) **sigmaq=0 Q-1 alphaq (k) and bn =(k-q) alphan H (k) and bn (k) (55) 
Therefore this filter shape wn (k) and channel value (channel information) alphan after 
identification What is necessary is just to calculate a formula (55) in quest of (k). It is wn below, 
(k) and alphan The calculation approach of (k) is shown. In addition, filter shape wn (k) is the 
filter factor wn given by the formula (32) and the formula (34). Although it differs from (k), the 
same notation is used for convenience. 

[0091] The above-mentioned solution is defined as a solution of the following optimal problems, 
(wn (k) alphan (k)) =arg min ||wn H (k) and y'n (k) 
- alphan H (k) and bn (k) ||2 (56) 

It is contingent [ on alphaln(k) =1 ]. That is. wn from which the right-hand side of a formula (56; 
serves as min (k) and alphan It asks for (k). Constraint alphaln(k) =1 added is alphan. (k) -0 and 
wn It is for avoiding the becoming solution (k) =0. This is ||alphan. Although solving by the 
constraint which becomes (k) ||2 =1 is also possible, below, it is alphaln. The solution in (k) -1 .s 
shown. Since it is easy, a problem is replaced as follows. That is, mn which makes the right-hand 
side of a formula (56) min about w and alpha It is defined as (k). 
[0092] 

mn (k) =arg min ||mn H (k) and zn (k) ||2 (57) 

mn H It is contingent [ on (k) and eMQ+1=-1 ]. (alphaln(k) =1 and equivalence) 
here — mn (k) **[wn T (k), -n[ alpha] (k) T] T (58) 
zn (k) **[yn T (k) b(k) n T] T (59) 
eMQ+1= [0—1—0] T (60) 
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( t h e element of one in eMQ+1 is MQ+1 st). The solution of this optimization problem is given 

below from reference [2] S.Haykin, Adaptive Filter Theory, and the Lagrange method of 

undetermined coefficients shown in Prentice Hall P.220-P227. 

[0093] 

mn 00 =-RZZ-1 and eMQ+1 /(eMQ+1 H, RZZ-1, and eMQ+1) (61) 

It is here. RZZ=epsilon [zn (k) and zn H (k)] (62) 

epsilon [A] expresses the expected value (average) of A 

[0094] 

[Equation 21] 

[HACk)'H H +^l H»l 
H D I J 



= E 



(63) 



[0095] 

lambdan (k) =diag [Dn (k+Q -1). — , Dn (k), — Dn] (k-Q +1) (64) I is a unit matrix. Sigma2 Noise 

power (variance of white nature Gaussian noise) 

[0096] 

[Equation 22] 



H„ 



MQ-1) 0 0 
MQ-2) h n (Q-l) 0 

h n (o) h D (i) 



0 
0 



h n (Q-i) 



(65) 



Dn =(k+q) diag [1-b'1 2 (k+q). — . 1-b'n 2 (k+q), — , 1-b'N 2] (k+q) : q=Q +1 and — one (66) Dn - 
(k+q) diag[— 1-b'1 — 2 (k+q), — 1. — , 1-b'N 2] (k+q) : q= 0, — . -Q+1 (67) 
diag expresses a diagonal matrix (elements other than the element of the diagonal line of a 
matrix are zero). That is, it is mn if the channel matrices H and sigma2 are known. It can ask for 
(k) by the formula (61). Therefore, a formula (58) is followed and it is wn. (k) and alphan (k) is 
called for. 

[0098] This computed filter shape wn By (k), it is y'n. Filtering of the (k) is carried out by the 
degree type. 

un (k) =wn H (k) and y'n (k) (68) 

H expresses a conjugate transposed matrix. This n processing result by which filtering was 
carried out is sent to equalizer 21 -n to which consecutiveness corresponds. Thus, the left part 
of the formula (1) from the n-th user and the corresponding input signal un (k) is obtained, the 
channel value hmn (q) of the right-hand side of a formula (1) and corresponding alphamn (k) are 
obtained, that is, a formula (1) and a corresponding formula (55) can be found. Therefore, alphan 
(k) is given to consecutive equalizer 21 -n as an equalizer parameter (channel value). The above 
is preceding paragraph processing by the equalizer 71. 

[0099] Next, the processing after consecutive equalizer 21 -n is described. As mentioned above, 
since it corresponds with the formula (1), since it is shown in reference [1], a formula (55) omits 
actuation within equalizer 21 -n for every user for details, as stated also above that what is 
necessary is just to carry out like actuation of the equalizer 21 in drawing 31 . un which defined 
each equalizer 21 -n by the top (k) and alphan the logarithm of the probability for the prior 
information lambda 2 from (k) and decoder 24-n [bn (k)] to be inputted, and for each coding bit 
to be +1 as an output and the probability which is -1 — a likelihood ratio lambda 1 (LLRLog- 
Likelihood Ratio) is computed by the degree type. 
[0100] 

[Equation 23] 
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■*l_b B (k)]+X£[b B (k)] < 70) 

[0101] It is lambda 1 here, [bn (k)] is the external information and Iambda2p which are sent to 
consecutive decoder 24-n. [bn (k)] is prior information given to an equalizer 31. decoder 24-n — 
a logarithm — likelihood ratio lambda 2 It computes by the degree type. 
[0102] 

[Equation 24] 

, - ml , n r Pr[b n (i) = +l|K 1 [b n (i)],i=0,— ,B] 
A 2 tb n (0] = log pr[bn(i) = _ 1|M[bn(i)y = 0 .. sB) (71) 

S X. 2 [b n Ci)3+Xf[b n (0] <72) 

[0103] It is lambda 2 here, [bn (i)] is the external information and lambdal p which are given to 
an equalizer 71 and an equalizer 21 in the case of a repeat, [bn (k)] is the prior information given 
to decoder 24-n. The configuration shown in this drawing 1 8 performs identification and decode 
repeatedly, and improvement in an error rate is attained. The functional configuration of the 
multiuser equalizer 71 mentioned above is briefly explained with reference to drawing 1 9 . each - 

- an antenna — an input signal — a receive section — 70 — a vector r ( k — ) - 

[ r one — ( — k — ) — rM — ( — k — ) — ] — ****** — processing — having — this — a 

vector — r — ( — k — ) — using — reception — a vector — generation — the section 311- 

- setting — each — a multi-pass (channel) — having taken into consideration — a formula 
( — 21 — ) — reception — a vector — y — ( — k — ) — generating — having . 

[0104] On the other hand, input-signal [ from a receive section 70 ] r (k), and each transmitter 
from the unique WORD storage section 29 and the corresponding known sequence signals, such 
as a unique WORD sequence for channel presumption, are inputted into the channel presumption 
machine 28, and the channel matrix H is presumed, moreover, the output of each decoder 24-1 , 
_ 24-N — a logarithm — likelihood ratio Iambda2 [b1 0 [bN (k)] is inputted into the soft 
decision symbol presumption section 313-1, — . 313-N. i) — ]. — , Iambda2 (k)]. — , lambda 2 — 
[bN from (0] — respectively — prior information lambdal p [— b1 (i)], — , lambdal p [bN External 
information lambda 2 from which (i)] was deducted [— b1 It is the soft decision transmitting 
symbol b'1 by the formula (15), respectively, (k), — , b'N (k) is calculated. These are inputted into 
the interference vector generation section 72, and vector B[ of the symbol estimate which can 
serve as an interference signal from other transmitters for every n ] * (k) is generated by formula 
(29) ', (53), and (54) in the interference vector generation section 72. The product of vector 
B' (k) and the channel matrix H of these N individual calculates, respectively by the other 
interference signal estimation section 73-1, — , 73-N, and replica H-B (k) of an interferent 
component is calculated. 

[0105] interferent component replica H-B (k) of these N individual subtracts from receiving 
vector y (k) by the subtraction section 74-1, — , 74-N, respectively — having — difference — a 
vector y'1 (k), — , y'N (k) is called for. Soft decision transmitting symbol b'1 (k), — , b'N (k) is 
inputted into the error matrix generation section 75. It is the error matrix lambda 1 by the 
formula (64), (66), and (67). (k), — , lambdaN (k) is generated. These, the channel matrix H, and 
noise power sigma2 It is inputted into the filter shape presumption section 76, and is a filter 
shape wn at the filter shape presumption section 76 by a formula (58), (60), (61), (63), and (65). 
Channel information alphan after identification It is presumed, these filter shapes w1, — and wN 

difference — vector y'1 (k) and y'N The multiplication of the (k) is carried out by the 

filtering section 77-1, — , 77-N, respectively. Filtering is carried out. That is, symbol [bn (k) from 
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each pass for every user, u1 which is bn (k-1), — , the component of which interference 
[ signal / other user ] was removed from the input signal of bn (K-Q +1)] (k), — and uN Channel 
information alpha 1 after the identification which (k) was obtained, respectively and was asked 
for it in these and the filter shape presumption section 76 (k), — alphaN (k) is supplied to the 
single user equalizer 21-1 in drawing 18 , — 21 -N, respectively. 

[0106] The procedure of the 1st invention (2) of this turbo receiving method is shown in drawing 
20 . The same step notation was attached to the procedure shown in drawing 3 , and a 
Corresponding step in drawing 20 . However, interference replica vector Bn in step S4 Formula 
(29) \ (53), and (54) perform count of (k). Step S13 is soft decision transmitting symbol b'n. (k) is 
used and it is error matrix lambdan by the formula (64), (66), and (67). (k) is generated. Step S14 
is a channel, Matrix H, and noise power sigma2. Error matrix lambdan (k) is used and it is the 
residual interference removal filter wn by a formula (58), (60), (61), (63), and (65). (k) and channel 
information alphan It asks, step S15 — difference — vector y'n (k) — residual interference 
removal filter shape wn (k) — filtering — carrying out — un It asks for (k). step SI 6 — each 
filtering result un (k) — receiving — single user identification processing — carrying out a 
logarithm — likelihood ratio lambdan It asks for [bn (k)], respectively and decode processing of 
these is carried out at step S10. Others are the same as that of the processing shown in drawing 

3. 

[0107] Although the identification range in latter-part equalizer 21 -n is made into the 
intersymboHnterference section by the symbol (bN (k), and [bn (k-1). — , bn] (K-Q +1) (n= 1, , 
N)) in this identification range can be adjusted. For example, as for the case of a very big 

value, the count load of latter equalizer 21 -n becomes [ Q ] large. In such a case, what is 
necessary is to set the identification range of latter-part equalizer 21 -n to Q ? <Q, and just to 
change so that the equalizer 71 of the preceding paragraph may remove the intersymbol 
interference of the signal of the same users other than bn (k), and [bn (k-1), — , bn] (K-Q'+1) 
(Q f <Q, n= 1, — , N) section. This modification is explained later. As it divides into this preceding 
paragraph identification and latter-part identification and a broken line also shows a **** case in 
drawing 1 9 R> 9, in the channel presumption machine 28, the symbol storage section 32 is 
formed last time, and it is hard decision transmitting symbol b~n. As a channel value is presumed 
using (k), that presumed precision can be raised. 

[0108] Signal un of N sequence which carried out identification separation of the interference 
[ train / other-system ] for these to the sending signal of N sequence in the multi-output 
equalizer 71 of the preceding paragraph in the example shown in drawing 17 Channel information 
alphan after identification It outputs and is the signal un of after that and N sequences each. 
Latter single user equalizer 22-n removed the intersymbol interference of the same sending 
signal. That is, it considered as two steps of concatenation identification configurations. It is 
good also as three or more steps of concatenation multistage configurations. For example, input 
signal rm of an M sequence [ as opposed to / in / as shown in drawi ng_21 / the equalizer 81 of 
the 1st step / the sending signal of N sequence ] Identification signal sequence er1 which 
inputted and removed interference by the No. [ U+1 ] transmitting sequence of the 1st - a No. 
[ U ] transmitting sequence (k) and channel information e[ after the identification ] alpha (k), 
Identification signal sequence er2 which removed interference by the 1st of the U+1st - a No. 
[ N ] transmitting sequence - the No. [ U ] transmitting sequence (k) and channel information 
ealpha2 after the identification (k) is obtained. In 82-1 in the equalizer 82-1 of the 2nd step, and 
82-2 inputted er1 (k) and ealphal (k) — identification processing — carrying out — the [ the 1st 
in the 1st - a No. / U / transmitting sequence - ] — U1 the Uth of a watch transmitting 
sequence — identification signal sequence er3 which removed interference by 1+1 - the No. 
[ U ] transmitting sequence Channel information ealpha3 after (k) and its identification With (k) 
the Uth in the 1st - a No. [ U ] transmitting sequence — the [ 1+1 - ] — U2 the [ 1st / of a 
watch transmitting sequence / the / - ] — the [ U No. 1 transmitting sequence and ] — 
identification signal sequence er4 which removed interference by U2 - the No. [ U ] transmitting 
sequence Channel information ealpha4 after (k) and its identification With (k) the Uth in the 1 st - 
the Uth transmitting sequence — the [ the 1st of 2+1 - the Uth transmitting sequence - ] — U2 
Identification signal sequence er5 which removed interference by the transmitting sequence 
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Channel information ealphaS after (k) and its identification (k) is outputted, respectively. 
[0109] With the equalizer 82-2 of the 2nd step, it is the identification signal sequence er2 
similarly, (k) and channel information ealpha2 (k) is inputted and it is the identification signal 
sequence er6. (k) and channel information ealpha6 after identification (k) and identification signal 
sequence er7 (k) and channel information ealpha7 after identification (k) is outputted. In the case 
of N= 5, the equalizer 83-1 to 83-5 of the 3rd step turns into a single user equalizer in drawing 
18 . Or the input identification signal of an equalizer 83-3 may be constituted by two sending 
signals, may remove the mutual intervention between the two sending signals with an equalizer 
83-3, and may equalize 2 sets of identification signals, and the channel information after the 
identification, respectively by the following single user equalizer 84-1 and 84-2. Furthermore, for 
example with an equalizer 83-4, it is the identification signal er6. (k) and channel information 
ealpha6 (k) may be inputted and a mutual intervention with other two sending signals and the 
intersymbol interference by the multi-pass of itself may be removed about all the configuration 
sending signals, for example, each of three sending signals. You may constitute from one thru/or 
the plurality of the equalizer 82-1 of the 2nd step, and 82-2 so that each identification signal 
over two or more sending signals may be acquired at once. 

[01 10] Generally two or more identification signal sequences and the group of after 
[ identification ] channel information are outputted from the equalizer of the 1st step as 
mentioned above, the group of the channel information after each identification signal sequence 
and its identification — 1 thru/or two or more equalizers — 1 — or two or more steps are 
concatenated — making — final — the 1- each identification output of the Nth transmitting 
sequence, i.e., this example, — a logarithm — likelihood ratio lambda 1 [bn (k)] can also be made 
to output. Thus, when performing multistage concatenation identification processing, it is 
desirable for the latter part to make smallness the value of numbers-of^passes Q which carries 
out interference removal, as mentioned above, and to lessen the amount of data processing. In 
this case, as mentioned above, an interferent component with the pass which decreased in 
number in the latter part is removed in the identification stage in front of that. 
[0111] In the following with the equalizer 21 of the 1st step in drawing 21 The transmitting 
sequence of N individual, the number of the multi-passes of each transmitting sequence 
identification signal sequence er1 of the group of the input signal of Q to U transmitting 
sequences Channel information ealphal after (k) and identification (k) is obtained and 
identification processing with the equalizer 82-1 of the latter part explains the identification 
processing in the case of making the number of the multi-passes of each transmitting train 
system into Q'. Although interference vector B' (k) is generated in the interference vector 
generation section 72 almost like the example shown in drawing 1 8 and drawing 19 , this 
constructive mood (53) and a formula (54) change into formula (53) and formula (54) ' and a 
formula (73). 
[0112] 

b'(k+q) =[b'1 b(k+q) '2 — (k+q) b'n (k+q) 

— b'N (k+q)]T : q=Q -1, — 1 (53) 

bXk+q) = [0 —0 b' U+1 (k+q) —b'N] (k+q) T : q= 0, — , -Q'+1 (54) ' b'(k+q) =[b'1 b(k+q) '2 — (k+q) 
b'n (k+q) 

— b'N (k+q)]T : q=Q\ ~, -Q+1 (73) Formula (54) ' is for equalizing except for the self and the 
mutual intersymbol-interference component of each [ these ] sequence based on the symbol of 
the 1st - the Uth transmitting sequence itself, and the multi-pass of Q\ A formula (73) is for 
removing the self and the mutual intersymbol interference of the 1 st - the Uth transmitting 
sequence based on the Q'+1st thru/or the Qth pass in order to decrease the number of multi- 
passes to Q' by latter identification. 

[0113] Thus, interference signal replica H-B' (k) is made using obtained interference vector 
B' (k), and this is subtracted from receiving vector y (k), that is, a degree type is calculated. 
y' g (k) **y(k)-H-B' (k) Actuation of subtracting this interference below (27) " =H-(B(k)-B' (k)) +n 
(k) and (28)" will be called software interference cancellation, y'g which will be obtained after 
subtraction supposing replica H-B[ of an interference signal ] ' (k) is made ideally It turns out 
that (k) cannot have only the signal component of bn (k), [bn (k-1), — , bn] (k-Q'+D, and (n=1-U). 
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[ the symbol of the 1 st - the Uth transmitting sequence, ] 

[0114] Next, the linearity filter of an MMSE norm removes the interference surplus component 
after software interference cancellation like the above-mentioned. The formula in this case (55) 
and the corresponding formula become degree type (55) '. 

wg H (k) and y'g (k) **sigman=1 U sigmaq=0 Q'-lalphanq(k) and bn =(k-q) alphag H (k) and bg (k) 

(55) ' — here, alphag (— k — ) — = — [— alpha — one — zero — (— k — ) — alpha — one — 
Q — ' - one — (— k — ) — alpha — U — zero — (— k — ) — alpha — U — Q — ' - one — (- 
-k— )— ] — T — (55-1) 

bg (_ k __)__ = — [__ D — one — (— k —) — b — one (k-Q*+1) — bU — (— k — ) — bU — 
] (k-Q'+O — T — (55-2) 

These [ wg ] (k) and alphag wg from which the right-hand side serves as min by making a formula 

(56) into a degree type like [ also asking for (k) ] the above-mentioned (k) and alphag It asks for 
(k). 

[0115] 

(wg (k) alphag (k)) =arg min ||wg H (k) and y'g (k)-alphag H (k) and bg (k) ||2 (56) 'alpha — 1 and 0 
It is contingent [ on (k) =1 ]. the added constraint — alphag (k) =0 and wg (k) =0 — in order to 
avoid a solution — it is — ||alphag (k) ||2 =1 — although solving by the constraint is also 
possible ~ the following — alpha — 1 and 0 In the case of (k) =1, a problem is replaced as 
follows. 

mg (k) =arg min ||mg H (k) and zg (k) ||2 (57) 'mg H It is contingent [ on (k) and eMQ'+1 =-1 ]. 

Here, it is mg. (k) **[wg T (k)-alphag T (k)] T (58) ' zg (k) **[yg T (k) b(k) g T] T (59) ' eMQ'+1 = 

[0 — 1 — 0] T (60) ' (eMQ' +1 element of inner one MQ' the +1st) 

The solution of this optimization problem is given below from the Lagrange method of 

undetermined coefficients shown in said reference [2]. 

[0116] 

mg (k) =-Rzz-1 and eMQ'+1/(eMQ'+1 H, Rzz-1, and eMQ*+1) [(61) ' — here — 0117] 
[Equation 25] 



R a =E[Z,(k) Z» (k)] 



H-A(k)-H H +o 2 I H£ 



(62)' 



(63)' 



[0118] 

lambdan (k) =diag [Dn (k+Q -1), — , Dn (k), — Dn] (k-Q +1) (64) ' [0119] 
[Equation 26] 

h,(Q-l) 0 0 ••• hu(Q-l) 0 0 

h,(Q-2) ••. o -•• hu(Q-2) ••. 0 

h,(Q-3) i h t (Q-l) ••• h u (Q-3) : h 0 (Q-l)| (65)' 



h,(0) - Mq'-i) ... h o (0) - h u (Q'-i) 



[0120] 

Dn =(k+q) diag [1-b'1 2 (k+q), — , 1-b'n 2 (k+q), — , 1-b'N 2] (k+q) : q=Q+ — 1, — , 1 (66) 

Dn =(k+q) diag [1. — , 1. and 1-b'U +12 (k+q), — . 1-b'N 2] (k+q) : q= 0, — , -Q'+1 (67) ' Dn =(k+q) 

diag [1-b'1 2 (k+q). — . 1-b*n 2 (k+q), — , 1-b'N 2] (k+q) : q=Q'. Q+1 (74) 

That is, it is mg if a channel parameter is known. It can ask for (k) by formula (61) '. Furthermore, 
formula (58) ' is followed and it is wg. (k) and alphag (k) and (=ealpha1 (k)) are called for. Such 
count is performed in the filter shape presumption section 76 in drawing 1 9 , and filtering of the 
degree type is calculated and carried out in the filtering section 77-1. 
[0121] 

er1 (k) =wg H (k) and y'g (k) 

This identification output er1 (k) and after [ identification ] channel information ealphal (k) 
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=alphag (k) is sent to the latter equalizer 82-1 . When dividing [ for example, ] into a 3 
transmitting sequences (user) group and a 2 transmitting sequences (user) group as mentioned 
above at the time of the transmitting sequence (user) of 5 It reaches U=3, the above-mentioned 
algorithm is performed by 2, and they are these two identification outputs er1. (k), ealphal (k) 
and er2 (k) and ealpha2 It inputs into the equalizer the object for 3 transmitting sequences (user) 
of consecutiveness to (k), and for 2 transmitting sequences (user), and the identification output 
of each transmitting sequence (user) is obtained, respectively. 

[0122] Moreover, it is applicable also to the single user turbo equalizer receiver shown in drawing 
8 , the RAKE composition processing turbo receiver shown in drawing 9 , a turbo receiver 
equipped with the adaptive array antenna receive section which showed drawing 10 , and a turbo 
receiver equipped with the channel presumption machine 42 still more generally shown in drawing 
12 to make the error correction decode result of the signal which was mentioned above and to 
detect reflect in a soft decision transmitting symbol. Furthermore, although the symbol hard 
decision value judged to be probable by presumption of the 2nd henceforth of the channel matrix 
H and covariance-matrix IT was also used as a reference sign in drawing 1 3 , drawing 14 , and 
drawing 1 5 , 2nd henceforth may make only unique WORD a reference sign, covariance-matrix IT 
may be presumed using a formula (51), and channel presumption using a symbol hard decision 
value and presumption of covariance-matrix LT may be omitted. 

the 1st invention (2) Guxtaposition transmission) — transmitting information sequence c (i) by 
one user as two or more juxtaposition sequences next — frequency use — performing high- 
speed transmission efficiently is proposed. The example of the turbo receiver which applied this 
invention is explained to such a sending signal. 

[01 23] It sets to a transmitting side so that the same reference mark may be attached with 
drawing 1 at the part corresponding to drawing 22 and it may be shown. As for modulation 
output-signal [ from a modulator 1 3 ] b (j), the sequential distribution of the each symbol b G) 
are carried out by the serial-parallel transducer 14 at the sequence of N individual. Sequence 
signal b1 of two or more integer N individuals (k), — , bN Although it is referred to as (k) and 
shown in drawing, after these are changed into the signal of a radio frequency, they are 
transmitted from the antenna of N individual. The sequence signal of these N individual is 
received by the turbo receiver of this invention through a channel (transmission line), the 
receiving antenna of this receiver — one or more pieces — it is — this input signal — baseband 
digital input signal rm of one or more integers [ M ] (k) — ( — m= — it is inputted into the multi- 
output equalizer 31 as 1, 2, — , M). Input signal rm (k) is generated as shown in drawing 28 . 
[0124] The processing the multi-output equalizer 31 is the same as that of the configuration 
shown in drawing 2 , and same as the procedure shown in drawing 3 is performed, the logarithm 
from the decoder 24 shown in drawing 22 on that occasion — likelihood ratio lambda 2 [b (i)] to 
external information lambda 1 [bi] is subtracted with a subtractor 25. The interleave of the 
subtraction output is carried out by INTARIBA 26, and it is the prior information lambda 2. It is 
referred to as [b (j)]. The prior information lambda 2 [b (j)] is the prior information lambda 2 on N 
sequence at the serial-parallel converter 15. [b1 (k)], — , lambda 2 It is changed into [bN (k)] and 
is inputted into the multi-output equalizer 31. 

[0125] therefore, in the multi-output equalizer 31, the input signal of the M sequence carries out 
linear equalization processing similarly with having stated previously — having — the logarithm 
of N individual — likelihood ratio sequence lambda 1 [b1 (k)], — , lambda 1 [bN (k)] is outputted. 
the logarithm of this N individual sequence — a likelihood ratio sequence — the juxtaposition- 
serializer 1 6 — the logarithm of one sequence — likelihood ratio sequence lambda 1 It is 
changed into [b 0)] and a subtractor 22 is supplied. By identification processing which the input 
signal format of the multi-output equalizer 31 became being the same as that of what was 
explained by drawing 1 thru/or drawing 3 according to this configuration, therefore was 
performed with reference to d rawin g 1 thru/or drawing 3 the logarithm of N sequence — 
likelihood ratio lambda 1 [b1 (k)], — , lambda 1 He can obtain [bN (k)] and it will be easily 
understood by using the serial-parallel converter 15 and the parallel-serial-conversion machine 
16 that decode processing can be performed repeatedly. In drawing 1 thru/or drawing 3 , 
identification of the n-th sending signal (eye n train) in the juxtaposition sending signal of N 
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individual will be carried out in this case corresponding to the sending signal of the n-th 
transmitter. Moreover, it can be understood easily that the example which referred to drawing 4 
thru/or drawing 7 R> 7 is also applicable about the reception to juxtaposition transmission of 
this N sequence signal. Moreover, by concatenation-processing by two or more identification 
stages shown in drawing 1 8 thru/or drawing 21 , a receiving property improves compared with 
processing by the single identification stage shown in drawin g 1 thru/or dr awin g 31 . 
[0126] The turbo receiving approach of this invention and a receiver are applicable also to the 
reception to a convolutional code / turbo sign + INTARIBA + multi-level modulation (QPSK, 
8PSK, 16QAM, 64QAM, etc.), the TCM (Trellis Coded ModulationVturbo TCM, etc. 
By generation **** of M input signals, they are M input signals r1. (k), — , rM Although it asked 
for (k) from M antenna #1, — , #M, you may ask from one antenna or may ask for many M input 
signals from L from the input signal of the antenna of two or more integers [ L ]. although 
drawing 1 was not especially shown — each — the input signal from antenna #1, — , #M — a 
baseband transducer — input signals r1, — , rm of baseband ** — it is carried out and samples - 
- having — digital signal r1 of the discrete time of day k (k), — , rM It is referred to as (k). 
[0127] For example, the input signal received by L= 2 antenna #1 and #2 as shown in drawing 30 
B is changed into baseband signaling by the baseband transducer 61-1 and 61-2, respectively. 
The baseband transducer 61-1 and each output of 61-2 the sampling signal and this sampling 
signal from the sampling signal generator 62 with the sampling signal which shifted the phase 
only T/2 of those periods T with the phase shifter 63 It is sampled by A/D converter 64-1 , 64-2 
and 64-3, and 64-4, respectively, and is a digital signal r1. (k), r2 (k) and r3 (k) and r4 It is 
changed into (k), and is inputted into the turbo receiver 30 shown in drawing 1 , drawin g 18 , or 
drawing 22 . and you may make it obtain the decode output of N individual. In addition, input 
signal r1 inputted into the turbo receiver 30 (k), — , r4 Each sampling period of (k) is one input 
signal rm per one antenna. The frequency of the sampling signal from the sampling signal 
generator 62 is selected so that it may be in agreement with the sampling period in the case of 
receiving (k). 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the functional configuration of a system including the example of 
the turbo receiver of this 1 st invention. 

[Drawing 2] Drawing showing the example of a concrete functional configuration of the multi- 
output equalizer 31 in drawing 1 . 

[Drawing 3] The flow chart showing the example of the turbo receiving approach of this 1st 
invention. 

[Drawing 4] Drawing in which A shows the example of a frame structure, and B are drawings 
showing the processing in each repeat for explaining the repeat channel presuming method in the 
4th invention. 

[Drawing 5] Drawing showing the example of a functional configuration for taking out a probable 
hard decision symbol. 

[Drawing 6] The flow chart showing the example of the procedure of repeat channel presumption 
in this invention. 

[Drawing 7] Drawing showing some examples of a functional configuration of the equalizer 31 in 

the 2nd invention in which the error correction decode result of the signal which A detects is 

made to reflect, and B are drawings showing the example of the procedure. 

[Drawing 8] Drawing showing the example of the receiver performed by repeating a turbo 

equalizer. 

[Drawing 9] Drawing showing the example of the receiver which performs the repeat of RAKE 
receiving— turbo decode. 

[Drawing 10] Drawing showing the example of the receiver which performs the repeat behind an 
adaptive array antenna receiving-turbo. 

[Drawing 1 1] Drawing showing the outline of a turbo equalizer and a turbo decoder. 

[Drawing 12] Drawing showing the outline of the receiver which repeats the processing using a 

presumed channel, and its processed decode processing of a signal to an input signal. 

[Drawing 13] The flow chart showing the example of the procedure of the outline of the receiving 

approach which repeats the processing using a presumed channel, and its processed decode 

processing of a signal to an input signal. 

[Drawing 14] Drawing in which A shows the example of a frame structure, and B are drawings 
showing repeat processing of presumption of the Channel H and the noise covariance matrix U in 
the case of including noises other than the white nature Gaussian random noise in an input 
signal. 

[Drawing 15] Drawing showing some examples of a functional configuration of the equalizer using 
presumption of the noise covariance matrix U. 

[Drawing 16] The flow chart showing the example of the procedure which repeats decode 
processing with channel value presumption using presumption of the noise covariance matrix U. 
[Drawing 17] Drawing showing the principle of the turbo receiver by this 3rd invention. 
[Drawing 18] Drawing showing the example of a functional configuration of the turbo receiver by 
this 3rd invention. 

[Drawing 19] Drawing showing the example of the functional configuration of the multiuser 
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(preceding paragraph) equalizer 71 in drawing 1 8 . 

[D rawin g 20] The flow chart showing the example of the procedure of the turbo receiving 
approach by this 3rd invention. 

[Drawing 21] Drawing showing other examples of a functional configuration of the multistage 
identification part in the 3rd invention. 

[Drawing 22 ] Drawing showing the example of a system configuration to which the example of 
the 1 st invention (2) was applied. 

[Drawing 23] The error rate property Fig. of the turbo receiver which applied the 1st invention 
(1) (assuming that the channel was presumed completely, a part for Eb(bit energy):2 user No is 
noise energy). 

[Drawing 24] Drawing showing the error rate property at the time of changing a threshold (Th) 
and performing channel presumption repeatedly. 

[Drawing 25] The error rate property Fig. of the turbo receiver using [ on the 4th invention and ] 
especially repeat channel presumption. 

[Drawing 26] Drawing showing the error rate property of the turbo receiver using presumption of 
the noise covariance matrix U. 

[Drawing 27] Drawing showing the error rate property of the turbo receiver shown in drawing 1 . 
[Drawing 28] Drawing showing the error rate property of the example of the 2nd invention in 
which the error correction decode result of the signal to detect was made to reflect. 
[Drawing 29] Drawing showing the simulation result of the error rate property of the turbo 
receiver of this 3rd invention. 

[D rawing 30] Drawing showing the concept of a MIMO system. 

[Drawing 31] Drawing showing the functional configuration of the conventional turbo transmitter- 
receiver for single users. 
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ami £ y <&&€«-s§-a>£««-s§-i=*t-r &j§js:7 ^ « 
a-w n (k) ^^Eto, 

^)"<? h)l> y ' (k) ^-hEStS^-f-H^Sa w 

n (k) i-«ty -7* yu^jaaL-c. nsa<D3i«««fcy 

[|f3RJg4] -hiag^^ h;U y (k) (f<D$r&j£ 

(k) . ±E^-**;uff5fl H £flfl^T, ±E®J£7-r 
w n (k) £ 

HH+U)"1h 

1 ) ••• C> (k)-D (k-Q+1)] 

( k + q ) , •'», 1-b'2 n ( k + q) 
q=Q— 1 Q+1, q ^ 0 t?. 

(k + q) , -, 1 - b' Vl (k) » 1 
(b' n (k) 2] , 1-b' ( k ) , 

q = Ot- 

fc» (k + q) = Cbi (k + q) —bN (k + q) ] 

T 

(q=-Q+1— Q-1) 

T r li#If ^(DfiJ 1 1 5 C fc^ftSt t^S^S 1 
7bS 5 0)^AM-E«ro^ — *5<t^j£. 
[^3R3S8] ±ED (k + q) £0£iS<HU J-ED 

(k) $d i ag [o, -, i, -. o] -cisia-r^c 

[1S*JS9] 2Ja±.<DS®Nil<D5IHl«^&C0«#5 

^-V^Hlhmn (q) Jttf***>HfW H £ftSU 
Zl Z 7?. m= 1 , — , M, n=1, — , N_ q = 0 , 
••, Q-1. Qli^Sl^tej-ROT^^/^Oa 

N<ia>^ B tr1t«A 2 Cb n (k) ] ^&©?iN^=Ha->> 
*;ub- n (k) ^^to. cc-ekiiMttW^K 

n (k) Sfflt^T. n§@CDi£m«roE!fi«-S§-l=*t-f £ 
T^^H • B' (k) *lt*U. 

[as] 



(4) 
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~H(0) -H(Q-i) o 

H(0) ••• H(Q-i) 



H(q) = 



h|j(q) — h 1N (q) 



h Mi(q) ••• h MN(q) 



B ' (k) = [ fc> ' T (k+Q-1 )— b ' 
T (k) — fc> ' T (k-Q-i-i ) ] T 

fc» ' (k + q) = Cb' 1 (k + q) b' 2 (k + 
q) — b' n (k + q) ] T 
q = Q— 1 — Q+1 q^0"C 

fc> ' (k) = Cb' i (k) —o — b' N (k) ] T 

q = o-e 

fc> (k) <DgfSta>-tfai*n#iT*fcy. [ ] T|i 

COTM^H • B' (k) Z&m't-t y 
<k).*6§lL3l**#** y ' (k) 

ZZX- y (k) = [ r T (k+Q-1) r T (k 

+ Q-2) - t- T ( k ) ] T 
r- (k) = Cri (k) r 2 (k) -ry (k) ] T 

g<I<<* l-^ y (k) rta>3f#j£#a>#t#ffcfT*iJ£. 

I tit. 

H, 



'l.(Q-1)N+n 



H 



2, (Q-O-N+n 



Nm-Q,(Q-1) -N+n 
h;U y ' (k) f7^M«!ILt t nfl<0M8 

CCtrm=1, — . M. n = 1 , N „ q = 0, 

Q-i, Qi*&i£««5£a>^;u i ? i /<xa>8E 

Nffl«>»«r11NIA2 Cb n (k) ] b3fc¥ll££<i->> 
tf;Ub' n (k) £3*«> s CCT-kCmffcttBSSk 
^•V^-^HIhmn (q) i«flSaili'>*Ah' 



H ■ E3 ' (k) ^ft&U 
H(0) -H(Q-l) 0 



H(0) 



H(0-D. 



H(q) = 



E3 ' (k) ■= C 1= ' T (k+Q-1 ) — fc> ' 
T (k) - t> ' T (k-Q+1 ) j T 
fc> ' (k+q) = Cb' 1 (k + q) b' 2 (k + 
q) — b' N (k + q) ] T 

q =Q— 1 — Q+1 q?*0"e 

fc> ' (k) = [b' i (k) — f (b' „ (k) ) - 
b' N (k) ] T 

q = Of 

fc» ' (k) ©Itfl)f (b' n (k) linfilrS 

y„ f ( ) i*f (o) =o. frod if (b- 

n (k) } /d lb' n (k) } ^0£5Sfc-Tb' 
n (k) ££S8fr&MS. C ] TiifESffJiJ-efc 

y. 

C<DT3Uj£#H ■ B' (k) fM^hA y 
(k) frC^L^M**** h;i> y ' (k) 

dCLT- y (k) = [ r T (k+Q-1) r- T ( k 

+ Q-2) — r 1 (k) ] T 
»- (k) = [r 1 (k) r 2 (k) — r m (k) ] T 
h;U y (k) fc<D$t#j£#<D*#i£fr5iJ£. 

tf-^tfffoa-ifco-ZtJtMafj^j I a 2 

I <tLT. 

H, 



'l.(Q-1)N+n 



H 



2,(Q-1)N + n 



^M Q,(Q-1) -N+n 

ir«fcy3tSLfcSEB7-f;U^«aw n tJ: l JS^ 
y ' (k) )\,*®M^T. nSB<D3Ht« 

£yojii«ffi#(-«i-5^*<&££*ifcs««-^<t l 
[it^ii] 2ei±<»saN<ia>2Hta^p>a>3i{s 
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roesi^tii: *-*f£*itti£-r 4^b^fl>^ -v *;ura$a£ 

HKDfc^li^o^fbffi-g-t^ 
±T<D«ft«*<D«j£st««-«§-*<1 «=***T?-tlBfl- 

l=cfc-ST#£l&£LfcSlft«^£*#>. XI*±i5S?ft<§ 
* *;Ht*«>8 i= o r * ro t£ft*-*i-<©18 

JMBT* 5 L fcH ft £ * to S - 1 £ «« £ -t 5 

i#tti=j:y»j6-r ju^mmLx. jiia 

*ft«*t»*ct**«fr*»*ai i tmnz- 

3] -te«««*M (k) . •», r 
M (k) fr&g<I<<* 

y (k) = [ r- T (k + Q-1) t- T ( k +Q- 
2) - i- T (k) ] T 

r- (k) = Cm (k) r 2 (k) -r M (k) ] T 

[Sts] 

~H(0) ••• H(Q-l) 0 



H = 



H(0) 



H(Q-l) 



l-l (q) = [ H» 1 (q)-hn (d)] 
H» n Cq) = Ch 1n (q) -h|| n (q) ] T 
m =1, M, n= 1 , — , N, 7^f/U©a?Q 
tL. q = 0, — , Q-ltrfey. h mn (q) 
#r„, |C#£ftSmn^«*^©/<Xq<&^**;Mfi 

x-fey. 

-tBttfUBMS'^USb' n (k) tU ±15 10 

w^-eui*N>ui£-i fcagsrefcy. -tfEtea>i£ 

ISfBiyo^U^'^lH - B' (k) 1= 
;ct-B' (k) = [fc>'T (k +Q- i ) ■•■ 

t> ' T ( k ) ... fc» ' T (k-Q+1 ) ] T 
fc> ' (k + q) = [b'i (k + q)b'2 (k + 
q) —b' n (k + q) — b' n (k + q) ] T : q = 
Q-1 , -IT? 

fc> ' (k + q) = [0 — 0 bu+r (k + q) — 
b'N (k + q)]T :q = o, — , -Q+ 1 X. 

fc> ' (k + q) c*><&0<Z>S£ia>aiiLHlT?fcy. 
^©^U^'J * H ■ B' (k) £±J5g««<-* h 
;U y (k) *i£>3IJtLT±GS#'<9 y ' 

B (k) ^^to-sct^^et-r^it^i 2isma>* 

!tf®i:r-5>W^l 1X1*1 2lEa©5"— 7t?S:«^. 

[»St«1 5] ±S5ff # r ! (k) , -, r 
M (k) ^t.gffi^^ K^U 

y (k) = [ r T (k+Q-1) r- T (k+Q- 
2) •■■ t- T (k) ] T 

r (k) = [ri (k) r 2 (k)-r M (k) ] T 

C ] T (iSiefryJ^ajb-f 

[»1 o] 

"H(0) - H(Q-l) o 



H = 



H(0) 



HCQ-1) 



H (q) = [h] (q) ■■■ h n • (q) ] 
h n (q) = Chin (q) -h M n (q) 3 T 
m=1, —, M, n = 1, — , N , -^JV^/^OWL^Q 
tU q = 0, Q-17?fey> h mn (q)(*g«<l 

±ie^fiJSBl«v>!l-^U$b' n (k) iL ±iHlO 

0)skmm^mz-o^x*<Dmm&ni-\ nmnu&mm^ 
tu c--cui*n>us i JS^siStTfiiy. zrosm 
«#»i=* L^p^i^i«ia*^fciiftm-§-ic*fr ^^p* 

^©SlcSlt'5-7-'l'^^X<Da$Q' <otu -tie 



(6) 
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(k) ICfcyttjfL. 

B' (k) = [ fc> ' T (k+Q- 1 ) - t> ' 
T (k) — to ' T (k-Q+1 ) ] T 
t, • (k + q) = Cb' 1 (k + q) b' 2 (k + 
q) — b' n (k + q) — b* N (k + q) ] T : q = 
Q-1 , —1 1? 

fc» ' (k + q) = [0—0 b' u+1 (k + q) — 
b' N (k + q) 3 T: q = 0, — Q' +1 

to' (k + q) *fl)0(D^8fcl*U<i-e&y. 

t> ' (k + q) = [b' i (k + q) —b' n (k + 
q) —b' n (k + q) 3 T : q=Q' , — Q+1 
cro^U^'J* J— I ■ B ' (k) £-tiBg{!«<? h 
JU y (k)^b?ISLXl»^ Hl-y' | (k) 

6] 7ffg«ftlS<D2lHl@El^a>^yil 

[M4U9I1 8] ±fEN^<D*1ir1f?SA2 [b 
n (k) 3 tt±EN«©S««i:**J6LfcN««>flW» 

*|»***ifc5E««*fc LTa>*rtt*flEJt*»er*tt 
W^«iM-5 = t«Wlit4ll«ai 7 ©fir 

9] ±GN*a>&flMt*i*. ioot«* 
*t*«Lfcfli-*"e*y. ±mN®o>mmi*n*2 Cb n 

(k) 3 ttl A 2 Cb 

(j) 3 £tt9l)-afcJMMftLfc*a>"Cfcy. -tIENll© 

*Ct*W»tr*«*ai7S2l 7 ©fittubMcfSK© 

C:t-m= 1 , ■•. M 
V^;Hih m n (q) »tf***-^fT« H tttWT * * 



[Si 1] 



H = 



"H(O) • H(Q-i) o 
o H(o) — H(Q-i) 



Hc*>- 



n = 1 , — , N 

^SSffi-^rn, *<A+j£*tTg«<<-7 h^U 
y (k) = [ r T (k+Q-1) r T (k+Q- 

2) - t- T (k) 3 T 
r- (k) = [ri (k) r 2 (k)— r M (k)3 

T 

c ZX- k ligtffctoBtlaL 'QI±«£flntift0 I 7JU?/<X© 
q = o, ~, Q-1. [ 3 T l±KStr59*at) 

(k) t*j«r*ttfiis*»#^i*»t. 

^^J^Elffi-»^;Ub' i (k) ~b' N (k) *<A 

B' (k) = [ l=» 'T (k+Q-1 )— to ' 
T (k) - h> ' T ( k _Q +1 ) ] T 
to' (k + q) = Cb' ■[ (k + q) b' 2 (k + 
q) — b' n (k + q) 3 T 
q=Q-1, — , -Q+1 , q^O-C 
to' (k) = [b' i (k) — O — b' n (k)3 T 
q = 0 -Q 

to' (k) (DIftO-tfDIinil. 
f t^fiJil H iT^l/^'J*^ h;i/B' (k) 
n - eej ' (k) fcitirLTdia-f*?^* 

(k)4<A**h>i^ h^y' (k) = y 

(k)-i-i - b - (k) zmt>-r$>m8zg.&t* 

;U y ' (k) W©^=Fj$j£#£l$£-t<5n#l©£ 

y ©sMi«#©g«<t#i=*f-t «.5ij£7 )\>* % 

Sw„ (k) f*657^ ;u$«S£lt£SS<!:« 

y ' (k) t±EStB^-f n-seia w 

n (k)*<A+j£*U y' (k) < &3I 

lt. n»e©is««j:y 



* 



(7) 



2003-1 52603 



t. ;:tm=i, m 

[»1 2] 



H= 



"H(O) • H(Q-i) o 

H(0) •-• H(Q-i) 



H(q) = 



« » 



n = 1, N 

y (k) = [ r T (k + Q-1) r T (k+Q- 
2) - r- T ( k ) ] T 
r- (k) = C r i (k) r 2 (k) ■•• r m (k) ] 

T 

ccT-ki*sttke*i^sj. oi^s^tmiKro-?^^/^© 

& s q = 0, — , Q-1. [ ] T l*e*fr?U£«fc> 

(k) (n = 1, -, N) S*J*-r*««Si'>*^ 
>*>Ub' 1 (k) ~b' N (k) i<A 

E3 ' (k) = [ to ' T (k+Q-1 ) - to ' 
T (k) ••• to ' T (k-Q+ 1 ) ] T 
to' (k + q) = [b' i (k + q) b' 2 Ck + 
q)-b'N (k + q) 3 T 
q =Q- 1 , — Q+1, q^Otr 
to ' (k) = Cb' 1 (k) -f (b' n (k) ) - 
b' N (k) ] T 
q = 0t? 

to ' (k) fl)ItOf (b' n (k) ) lintl. f 
( ) lif (O) =0. frOd {f (b' n (k) ) 1 
/d lb' n (k) } SsO^JSfb' n (k) $%.8.t 

f t*;^5H h tT^i/^ 1 ;*^ b ' (k) 
icwr*=P^fiE^ n - B' (k) £tmL.-cdi*i 



^J£#H - B' (k) igf^ h^y 
(k) *<A2l£;fV ^tt** hVU y ' (k) = y 
(k)-n - B' (k) StUa-rSMSggSilt. 

;U y ' (k) rtfDS^f niB©S 

»w n (k) 4 )\> * 

T^ft^t? b)l* y ' (k) t±iB®(537-f w 
n (k) *<A*l£;tV y' (k) IzfcH,? -r^fflS 

it. n#@rosiiitaj:ya>3Hi«#i^-r*=F^* 

* Jh,fc£<Ht# t L-CtmX&tt&nT nil ©8fS 

^ t <D&a*i £ a a ^ s i?ir&^-(b$ t . 

-tlEBtJ&SHbig.fc y±IB*-Ibffi§t-?-©^-v^;ums<7> 

t^^LT^stAJtit^ai^-r^^aro^s^bs 

[»^2 3] 2Ki±©£aN®roi£ffi«fre>3!«« 

i Bi±a>saMffirogm^^^-r*s««#^fiESP 
t. 

* a>e^ttT- & * v £ *tsrr -s ?■ v *>mjfe 

#tA<A*S^. 1 7iS«a©±ISjiHt«a>EHl«^- 
tic, tt0&ft«a>%ft«*l=J:«T»J£&£l*£Lfe 
^■(bffi-i-t. *<&!Mb«^t&iSr •StNb&fl^v^wu 

um'£ £osa«§ £ a a -t s ms^nbig t . 

^lRMlHStj!)<A2i£*v ^<D^{b«#(Dffiaomfi£ii« 
m^<P01 7^iM«aro^<i«^-tl-. -5-<D««2Ht« 
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aft*. 

[■** 2 4 ] m-JMSJ: y <r>wm^.m^ 

v>tf;uE«^&®*8££«i'>tf^£^*aiU # 
Zt $®WLt-f -59**2 0 75M2 30) flftfrlz&mo 

LMiI<tlt®-t51t3gS?£. ^-Oit«SProtH*lz«fe yaffil 

*>< L # LM1 JJLt CO t, 0) £ girls] >^H21tfiP^»tt-r 5 
mRUt%ffix.Z>%&-&2. 4|B«CDd«-7|5S«S. 
[8i**2 63 ±EHi:fc3*lf=Ne<0«&;tgittf : £- 

sco ta * *^ e. ±e n ffl co* e> *i * - 1 ^ ^® 

fc-T£>BI**2 0 71S2 5COl5JtlAMrlHiacO$— Tpgffi 
[81**2 7] ±I5N11C02I««^-I±1 OCOlfffiSJlJ 

&um<»$L9\o> : &n± LtNeco2i«^«}:y j 5-*i€^si 

5UC0^a*SitA<A*$^i)ffi-§-Si:. ±efl»»* « 

•581**2 OTiS 2 5 COffi:|xAMrESt<D$ — 7pgfl«„ 
[§f**2 8] »««*©e3*BWtiL-C0!>y** 

re#l=»L±E*£Lfc^**;u«a«JBLfc*i314:tt 
**4*tfc«flSflM»*»#^«)«3& x &L**, *<0» 

jh i* 5 z t t T * $ — # aflttfc. 
M2 9] y (k) ' A<D9Hfrft# 

2 litf^Xtt^cottfllfil* I StWT* 

[St**3 0] SMf^^ y (k) WC03&W 

***;ufrW •— « " <ha<iffi-*§-*$ y (k> *JS 

U " = X k=0 Tr ( y ( k ) — H " ■ B (k) ) 

• ( y (k) - H " • B (k) ) H 

B (k) = C t> T (k+Q- 1 ) - to T (k) — 



to T (k-Q+1 ) ] T 

to (k + q) = [bi (k + q) — bw (k + q)] 
T (q= — Q+1 —Q— 1 ) 

bi (k + q) fr£>b N (k + q) l*« ±ER»*-5-& 
TrlttOMt«rtt«. *tt* 

[8f**3 1 ] JiEJift Lfea**A*aflJfl Lfcffli 

let y «»«ib7 -c *** u *<z>&f&mty * ;u 
5 c t cojg y s l -c fe -s ^ t a m* t -r 5 st** 2 s ~ 

3 0<D^^IC1S®CO^— #g«£3U 
[1$$3 2] ±E«5£Lfc*Hr*;uttafiJffiLfc*i 

»l+*:ttSIHEt*l«r*U— ^*J*»31*fTt\ 
tiCiflMIUSL-CM. Ci£4#@i:-r5>Bt**2 

8 ~ 3 o cora tu&Mzea© $ — Tpa©^^. 

[81**3 3] ±E*«Lfc**JMHt*«fflLfctt 
U-T a«S?co tb 7J $ $ -t*t a —9 iz J: y 

~ 3 o coMih.^izEaco^ — ypgffi^a. 

[»**3 4] ±i7y?f«f?7W7>f7-M 

-est+fctefflB*E£±E*j£Lf=***;mi=«fcy«« 

81**3 3ES<D$->f?g«:52c. 

L ±E«« L fc^ -V S « « L fc «3B t « 

#«ks t a ti y s ufx 5 a<t«i= as lnt , 

±»8»a. *<Dft«36flWlS'>*^fl>«* t L*^tt6l 

E«rt»*«BttEii*ft*«rii5'>*^E*»a«*., 
* HI CO 9- v * ;utt^co#ra{t# t l Tfirs -> >^;uEffi 
»©E*rt«am*&!h.s;:i*««i:-r**->i*a« 

[^KcoPifflTSiftBj] 

[o O 0 1 ] 
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izmmzti* Tftiz^t-f z— rt&^&m 

[0002] 

s^ai<*sffi*mcD»s(iise»^fc^iKa 

-fS^Si: LT^A^I^ai* (Multi-Input Multi-Outp 
ut: M I MO) ->X-xAA<fei. C(D->Xt A^fiEliS 
3 0A«Z*£jh.T^S.fc?l=*S»©iitffi«S 1 -SNfr 
i^S5K»±T-v>^ci ( i ) ~c N ( i ) 

+#1 ~#M${gx.SM I MOgftteT-gflU M l M 
OS««l±Sm«^^«iSL, #SHf«S 1 ~S N<Dj£ 
<I->i/7t?;Uci ( i ) ~en (i) SitSLT ci " 
( i ) ~c N * ( i ) t LXitiXm+Ou t 1 ~Ou t 

[0 0 0 3] m&-£X-0>t^Z>M I MOvX^f 

sm i Moa*«©*#»tt*j*j*i=H-r 

lCfr:b;tVCl*£L\, M I MOvXT-AICfclt^M I MO 

I MOgffi«C0tt@att2(0-DN OMfjfCJ&oTL* 

r m (k) = 21 q=o 0-1 h m (q) 

^v^m (fij^ss-f w^uxjes^ = esis&'&ii) . b 

(k-q+1) (3HE«1) v 

r- (k) = Cm 00 r 2 (k) ■ 
= 21 q =o 0" 1 M (q) 

ssgg-t-s. CCT?. 

v (k) = [vi (k) V2 (k) - vn 
H (q) = Chi (q) -h M (q) 3 T 



aroM5iJ«#t L Tj!HI<3F*tf= 4.(0$ Sit 
«fc u«am5"J«^-ro * — 7f5£fi:*2j£»3i-t £ 4, <dt- fc 

[0004] «>>y;urL— ifffl^— 7t?gffi« 
■e^t>^ *-<Di3-S§--ftlii2>*<-f U— /<1 2TM>* 

.j-^ (afe^g*.) 3-eJ62ljK«^ 

££SSU *a>£iiai+Jj!><3£<I<*:h.So C<0Sffi«-^li 

ics«$tL^o em«2 0T-i*«tx*aai*i (s i s 

0:Si ngl e-l nput-Si ng I e-Out. pu 
£*U -tCD^-X/O KOSfiffi^A^ *Hl«#©1t?S 

[0 0 0 5] ->>^UZL— y=©Ji-&@3 0 A7?N= 1 IZ 
fefcy, =S-SffiT>^r-?-#m (m=1, 2, — , M) I- 

b (k - q) + v m (k) (1 ) 

n (k) l±g««2 0<&rtSS<Df&$t^-Cfc-5. *LT4 
X<D7>T-)-# 1 ~#MA>b<Dai*$S (2) a><"<? h 
LTS^U 3£ (3) 



r M (k) ] T 
• fc» (k-q+1 ) 

(k) ] T 



+ n/ (k) 



■c*«. *fc c ] T ittatfrw *«*rr. *i=?;u* 

y (k) = C r T (k+Q- 1 ) 



[0 O 0 6] 

T (k+Q- 2) 



= J-H ■ fc> (k) + 



(k) 



(2) 
(3) 

(4) 
(5) 



(k) ] T 
(6) 
(7) 



[0 0 0 7] 
[Si 3] 

fH(0) 

H = 



[0 0 0 8] t-tz U 



H(Q-l) 

H(0) 



- H(Q-]) 



(8) 



fc» (k-q) = [b (k+Q-1) b (k+Q-2) — b (k-Q+l) ] T 

(9) 

n (k) = [ v 1 (k+Q-1) v T (k+Q-2) - vT (k) ]T 



(10) 



4$§§2 0 0 3-1 5 26 03 



T-fe^o it-StLfc i- (k) *<IHbg2 1 IcA2j£ 
*u cos I sotHtS2 1 li^mbll-Cfc-pT. 
©*Mbffl*'t LT4MM-ftev r {b ( i ) } *<+l T? 
&zmmt-^-Z&ZW<»*i&*&&^^ (llr: 

Log-Ukel ihoodRatio) tf&tti&tl&o 
[000 9] 
[»1 4] 

A,[b(k)]-log 



(ID 



(10) 

[0 0 1 0] T-fc-So CC-CAi [b (k) ] li&glro 
S-§-g2 4(c2l'b*x-55l-SP'lfr«. A 2 p [b (k) 3 14 

! [b (k) ] ii*S<r1t#SA2 Cb (k) ] A<as:S2 

2-eSSS$*l, Ilzf-f>^'J-A2 3^LtS I s 
Of+*M§S2 4^l&**t5>. C0>«#S2 4tt 

[0 0 1 1 ] 
[»1 5] 



2 X,[b(k)]+X p 2 [b(k)] 



(12) 



A PIMM »nn Pf t b(i > - +1 1 = 0." > B - 1 1 f . 3 v 



S A 2 [b(i)] + AP[b(i)] 

[00 1 2] $»ffi-ri>. CCT?A 2 [b(i)]l4« 
y3IL<D^lC^bSi2 1 |ZA 2 P Cb (k) 3 tLt# 
S.e,^4^S?1tST-fey. A 1 [b (k) ] *Mg*H&2 
4lc*fS1f#&Ai p [b (i)] tLT4S.^5. A 
2 [b (I) 3'l**»»2 5-CAi [b 

£*v -f 'J-A2 6$^L.T!Hb!S2 1 atf&SfS 

b' (k) =tan h CA 2 P Cb ( 

y ' (k) = y (k) - t-t • 
= l-l • ( fc> (k) - t> ' (k 

fc» (k) = Cb' (k+Q-1 ) 
£ft$f-f£o ^fiE^OU^'J* I— I • fc» ' (k) 14 

w (k) =arg min || w H (k) 

H|**fiK«**sbU II llttyyuA^St)^. 5£ 

(1 9) Ji'hitliw (k) £3fci6&e felT<Dw 
(k) (DMtHltXM.- Daryl Reynolds and Xiaodong Wa 
ng, "LowComplexity Turbo-Equalization for Diversi 
ty Channels" (http:/ee. tamu. edu/reynolds/ ) |3|2 

0-1 <7)^— $f|zit0yL.-Cl^=<DI-MU C©3M£I4Q 3 
CD*— $M?8>?L&*VCl*£. 5fewH (k) ■ y ' 
(k) li§HbS&2 1 (OtB^lT'feoT. Zftfre, A 1 [b 
(k) ] tfitnt<*iXT<<>$ >J—/*2 3 ^^rUTS-^ 

[o o 1 4] f1kS2 1 lc*5l*-CSHb«l3£fT5l::l4.. 
3£ (1) *©^-V^Uffi (fiaH^'f >/<;UXJCg) h£ 



(14) 



2 C<7>«fc5l-LT^y31L^b. 

S2l©S«ltltgfi^ hAy (k) l=JE-r«U& 
^^^^ttroSSlco^t^S. 3FlbSS2 1 <7>mtti 
1t^A2 P Cb (k) ] £m*TtMaJ3£->>7frMi£« 

k) 3 /2] (15) 

y 

fc> ' (k) (16) 

) ) + |-| (k) (17) 

— O — b' (k-Q+ 1 ) ] T (18) 

j£#<&gy ^u5»«a w (k) £erFa> 

MMSE (fi'h¥*9 2 S£glM) 

[0 0 13] 
• y ' (k) -b (k) || 2 (19) 

^ *=iwu#t£ tier, y**^** i4 s i^u— awod 

L*fc, tHbi§2 1 T?(&mb#i3A<IEL<m>*l£lV ^ 

•v^ms<D^g$^<-r*i-i4i 7u-A«roru- 

(Sot, 1 7 U— AW0> h U— —Z/<fJk9tlO)£lbZ>m-& 
U ANO^v*;Mt5£ftg£lS]±£-e-&::i:A< 

[0015] C<7)Ctl4M I MO^^-t;#^?iJ^ffitt# 

l-«-r-5.S<l«I^ISt»-r. (RAKE) gfi^> 



(11) 
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m y s * y ^-sHsaroitfr e> u * $ isi-t $ 

[0 0 1 6] 

. ->><f;ui-if (-■ &a>imi«) , o^y i £9i<d& 
«<l#a> T?fc3>. 

[00 17] C<D%9§<BSfl*Jl*^.G>2 jS^^'CeiT 
<fc y ^ -V *;Hf^ £ < fx 5 t £ 5 

$i — #»flreasxi«- © se« $ stt-r a ^ t i- & & . 

[0 0 1 8] 

(Ni*2ei±<Dsa) ©sum^gffi-r 

^tfeot. M^lOSWffi-^- r m (m= 1 , — , M) 
N^9iJ©BtSHl^-<!:* N t,. ^-V^Hlhmn (<a) 
(n = 1, -, N) ^ftSSU «#(C«fcy«&HfcNS 
$lJ<D*Ura$SA2 [b„ (k) ] l=**3**flSjS«v 

>/t?;n>' n (k) f^;Hh B (q) tm. 

(DSIffiffi^-ICfc^Tf^fe^^T^ilE^ H • EES' 
(k) SttJTU CCT? 
[0 0 1 9] 

[Si 6] 

"H(0) -H(Q-i) o 



H = 



H(0) 



H(Q-1) 



H(q) = 



i>n(q) - t| N (q) ' 
i»mi(i) - h MN(q) 



[0O20] B ' (k) = C fc» ' T (k +Q- 1) 
- fc> ' T (k) — b> ' T (k-Q + 1 ) ] 1 



fc> ' (k + q) = Cb' i (k + q) b' 2 (k + 
q) -b' n (k + q) ] T 
q =Q— 1 — Q+1 qi*0t* 

fc> ' (k) = Cb' 1 ( k ) ••• 0 •■• b ' n (k) ] T 
q = 0"C 

( fc> ' (k) ©ggt<D-tfni*n§B) . QliS-SHtfl 
#«26<D - '7^/<;*.a>8U q = 0, — , Q-1. □ T 

[002 1] Z.<D$m-f3=F& H • B' (k) JSf 
^ V)V y (k) fr&ML3l#Ma"<£ y ' 
(k) 

CC-Cy (k) = [ r T (k + Q-1) r- T (k 
+ Q-2) — r- T (k) ] T 
r (k) == Cri (k) r 2 (k) — r- M (k) ] 

T 

y' (k) rt©S*TM»$HSt5fcft©, nl 
w n (k) m^<? y ' (k) £-ti3 

siS7-r^iaw n (k) icfcy jv*&mL 

gfcfcStfc $ T m#-r S . 

[0022] m25i^i=«t*vtf. snjftHKSivc* q 

fc> ' (k) = Cb' 1 (k')--f (b' n (k) ) — 
b' N (k) ] T 

fc» ' (k) fl)Stl(Df (b'n (k) linSS^fe 
y. f ( ) l*f (0) =0. 4>Od {f (b' 
n (k) } /d {b' n (k) ) SOSSSfc-Tb' 
n (k) Z&&tT%m9LtTZ>Zt&ft&L£?Z>. % 

[0023] w(om4^Kf=«fe4xifgms#ro ; 5 ij «'^;u 
fit*, smm^t^mm^t Lxo&tnm^t 

[0 0 2 4] 

[$e us Hiiro i&B] m i nm ( i ) 
S^^-. 3I«<IOon<io>SI««s i -sNrotHf^i: 

fcl>TlS3£^$iJci ( i ) -c N ( i ) tfi**l**ltt* 

in-1, -, i i -N-e^^k^tL. z.tL^S-^-(b 

iHtJlt-i >9 'J— /<1 2- 1 , -, 1 2-N^illS-C^ 



(12) 
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bi (k) , ■», b N (k) tLrmmznz* o^y 

eHbSSI, -, SNfre>0>2HHI-S?bi (k) , -, 

b N (k) i)<u%kmo>&mm^<Dm-£x-&z>o 

[0 0 2 5] (^-V*;U) £&CT£fcB2l£<i8l 

(CgfI$*lfc£<Ht-«§- r- (k) l*^tti*^-(bS3 1 IC. 

XJlZtlZ, ^fc-ro^r-f S?*;HI-«§-l4l fiULO&ftM 

&N<l©^a*SitAi [bi (k) ] , Ai Cb 
N (k) ] tfiihti£1x&. Ai lb^ (k) ] , -. A 
1 [b N (k) ] l***v-?*t»WflMtAi [b 
1 (k) ] , Ai Cb N (k)]MSS2 2- 

r m ( k ) = -Z. q=0 0-1 21 n=1 

) 

£:«&:x— tf#SL^fc>1*-*: 3. q = 0, 

Q-1, QliS-aHiWsfcro-TVl^/^OSU f Lt-» 

y (k) = [ r T (k+Q- 

] T 

= H • B (k) + i-i (k) 
(k) = [ri (k) "T| (k) ] T 



C «_"(?„ r 
[O O 2 7] 
[Si 7] 



2 3-1,—, 2 3-N£Sii:T»A2)ttai*l (S I S 
O) fi^-S (^-V*;U«#«) 2 4-1, -, 24-N 

lz*ti?*iXt>£tiX&^21x. Sti2 4-i, -, 

2 4-Nfrt>«-S§4t*8S?Uc' •", c' 

N ( i ) tfmfi£*l&t&lZ*i&%m.itK2 [b 

1 (I)],-. A 2 Cb N ( i ) ] i^Hx^tlthti^ 

tl*. A 2 Cbl ( i ) ] . — . A 2 Cb N ( i ) ] I* 

MIS2 5-1, •-, 2 5-Nir«fcyAi [b 

1 (I)],-, Ai Cb N ( i ) 3 Jtf**l*shJ«t* 

*U MIC -f 'J— A2 6-1 , -, 2 6-N^fil 

^*iaC-CA 2 Cbi (k) ] v— , A 2 Cb 

N (k) ] tLX&tht)mt&3 1 &tf3SSM§2 2- 

1, 2 2-N|Z-tH-?*l«f&*4x-5. 

[0 0 2 6] v;u^zl— tf (ffiSt3Hl«) &*<D&mm 

■5§-r m (k) (m=1, — , M) 14, SHbl&3 1 CDA2I 
t LT, 

N hmn (0) ' b n (k-q) + v m (k 

(2 0) 

vjvd.— tfom-s tmc^mx"«7 y (k) $s 

1 ) t- T (k+Q-2) — • r T (k) 

(21) 
(22) 

[0 0 2 8] 
[ftl 8] 

h n (q) — h m (q) 



H(Q-l) 

H(0) 



H(Q-l) 



(23) 



H(q) = 



hMl(q) — hN4N(<0 



(24) 



(k + q) 



fcf£U [0 0 2 9] 

EEJ (k) = C to T (k+Q-1 ) - to T (k) 

] T 

fc> (k + q) = [bi (k + q)b 2 
q=Q— 1, Q— 2, — , — Q+1 

a.— tf (JUffiffi) fr£roffi#*<filTMT?fc£.!:ffi£-r£. 

c©«Tett^a.— tf (&«$) J:ya><i-i§-a>3fcfJ5£v> 

5«) H £ffll^T. Iniimtt©a- ^(D^lCkS 



to T ( k -Q+1 ) 

(2 5) 
b N (k + q) ] T 
(2 6) 

t m n m i coo.— § * a^-s^f # £ o>-&j£ 

Lfct,0>. o^y=F^U^y* I— I • E3 ' (k) 
^LrfelT<D«fe5lc, y (k) fr£>;:a> ; T : ;$L':7y2> 
??IILTf^f v ' (k) ££j£-r-S>„ 
[O O 3 O] 



(k) = y (k) - H ■ B ' (k) 

• ( B ( k) - B ' (k) ) + r-. (k) 



Q+1 ) ] 

i=> ' 



(k) = [ to ' T ( k+ Q-1 ) 



T (k) 



(k + q) = [b' i (k + q) b' 2 (k 



) ] T : q=Q-1 



-Q+ 1 , q 0 



q) — b' 
(3 O) 



(2 7) 
(2 8) 

' T ( k - 
(2 9) 

N (k + q 



I 



(13) 
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fc> ' (k) = Cb' i (k) - 
b> ' (k) 0>gfli4 i a>0lin b' 

„ (k) l*5£ (1 5) tmmtZb' n (k) =tan h 
[A 2 [b n (k) ] /2] £ft3?LT*tf>fcS*¥lJ5g;£ 

m->V^*6S<St?fe*. (k) 

coo3i] x.iz?mm&o>my . of yf^i/^ 

w n (k) =arg min II w n 
yjfctofcwn (k)^tw„H (k) • y' 

(k) *i+*u ^rottSMsm^-f ^*y-A2 3- 

n^LXAi Cb n (I)] iLt. «M24-n 

[0032] i— tf 1frbN f -CEl±C0^a-eg««^- 
r L 7 -f^* (tt*MMb) ffig£*ttT^<. * 

*<D«-S§-&2 4-1 , — , 2 4-NlC«feya#$*l€)o 

(M I MO) ffl-v©SE5iT?fe*. &L±<DmmfrZ>. 

Wtogmm^rm (k) liSfE'** h;U£j£SS3 1 1 IZ 

•tysffi^^ y (k) a<±j££*u tfcrt 

(0§|-(baJ3 1 2-1 ~3 1 3-N^«$S$ttS„ ffc^ 

tH-fbSf3 1 2-1-31 2-N^«$S$H5>. 
*^«fS2 4-nfrt><D3£«u1S$fiA 2 [b n (k)] 
*<»¥(IS->>^u*^aJ3 1 3lzA2i£*u 
flSSHt^V^Ht^filb' n (k) = t a n h [A 2 

[b n (k) ] /2] tmmsixz. mtns 12-1 
~3i 2-N?i<7)igttfem&.tmmi*m--T:ibv. mitn 
312-1 -eftSLTiftsrf a. 

[OO 3 3] *C,»C«¥lJS2lffii/>7K^CO*t^ffib' 1 
(k) ~b' N (k) T^U^'J^^f l--/U£fiESS 
3 1 4-1 lC«$&$tL. * (2 9) ~ (3 1 > |c«ty^P 
^u^'j*^ k;u B ' 1 (k) *<£j££*U C<D-< 
(k) l±7-r;U^fiiSSP3 1 5-1 -rr^ 

■ B' ! (k) M;H»SI5 3 1 
6 - 1 ■Cgffi*? y 1 (k) fr&ML^IfrtU it 

h;U y ' i (k) tf±l$.$tiZ>o 
[0 0 3 4] Z>4)\,*%Wl&&&3 1 7-1 l-'X 1 4> 

Swi (k) *<^c«bf>tt§. ZO>«5-Crl* J 5 1 V^-'HtS 
3§2 8 *y<D^^*;Ufr?iJ H i:3tSj£#a>=fc#tfco-2 
<t. ttfl36-»*iU**»3 1 3-1 A>£>(D«fflSjit« 
->>7t?;Ub' 1 (k) ~b' N (k) Wy 4 )\,*Vk&&& 
Sis 3 1 7-1 irA*j£*u i(32) £fi/J* 
^Mw, (k) *<g*¥*3 2§£g|M31®-C'#tf>*> 



— b ' m .( k ) ] T : q = o (31) 
y 2) I— I ■ B ' (k) fl>^SS£telc£-3< ;: Fj£S<l& 

gnflroa- tfffl<D7-f ;U$S» w n (k) £&IT 
OS (3 2) ^fttttSwn (k) £MMSE (fi 

/j*¥$2f£gi£) ^-e^ftSo 

(k) • y ' (k) -b n (k) || 2 

(32) 

ftS. ^<T>?4 )\>$%®Lw[ (k) £#«>i>JH*:fcl«i 

3i*&t?^&„ m.&?<< fr*9m.$>z i s-i-c-sa- 

h;U y ' 1 (k) W-fA>tl»wi (k) 1= 

*y«aa$^ a.— tf i *^a>si«*^-i=«-r-5s«« 

*§-<DtMbdi2l£ LtAi Cb! (k) ] 4<ai*$tL^. 
[0 0 3 5] f fcl5-^Lfcca>^©SJS«9(D^A^^ 

m*4«-#s<t^©«is?-iii$S3ic^-r. x^f? 

8 1-CMWr (k) t#KU-->^b 

n (k) fre,^-<e'*;Hith (n n (q) &tf $t*l*$*<D## 

Hk<r2*ltXU x^-y3fS2T-^05^\'*;Hth 

mn (q) fr&^^-./UfT^J H ^ftXU 7f»^S3 

A 2 Cb n (k) ] Av6ttflSa«-»*A«3e*b' 
n (k)=tanh(A 2 [b n (k)]/2)£tt» 

[0 0 3 6] X^f-V^S 4T?g<l«^ r (k) ^t,Sf 
KA- y (k) Xf-^S5f#«fl$ 
SMI->>7f?^$i£fitb' n (k)-*JHlvC*'<29) ~ 

ODWyfil/^U*^ h^B' „ (k) $ 
£fe*U X^-y^S6"CnSgSlffi«J:y<D5ffiffi-g-lr 

art-sTEMta-i^ya t-i • b- n (k) ^ttsrt 

X^r-y^S 7Tfg«'<-> y (k) fr&TzlNfc 
^L/^y*H-B' n (k) £^L3I£. S*}** 
y ' n Ck) £3fc£>-5. ^fv^SSt'ft^ 
ftjij l-l ttJH«afll^>»K^b' 1 (k) ~b' 
N (k) it*J*»«>*5MBt«T2tfz*y. n#SSI« 

^ct y(D5<tm^-*ros^T^$i^*-r-6fcA©7-f ;u 
^ro^awn (k) s 02) *«/hfr*a/h 
2mmM»S5T<*tos. 

[0 0 3 7] Xf»;^S91?i»^ h;U y ' 
n (k) l;*}L-7-c;U^^a w n (k) 13^^,7 
^fflS^ffoT^a^gitAi [b n (k) ] 
Xf-^SI Ot'Ai [b n (k) ] fr&*ltf«ffiA 2 

[b n (k) ] ^»Lfc«. ^-f >4» y-^*J£U 
^lcS^5froT«SH^:SibA 2 [b n (k) ] 

"T-Sc, :ro^f'^S4~S 1 0<Di&W$n = -\ —NI- 

■z&^m&i. of y^-^gffifflaiHia^^ai-^-3 

"C-MSl*gH:A 2 [b n (k) ] A , [b 

„ (k) ] JSEIL, ^(D^S^-O'Jr y-^LT*^i 



(14) 
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1f$&A 2 Cb n (k) ] S^ATX^ ^S3lcM<&. 

3 T?-€-o)^a>m^a$tii^-r 

r m (k) = 21 q=0 0-1 Zl n=1 
k) 

***/HiJ6»2 (3 3) 4>©^**;Hil (St 

»-f >/<;UXJCS) Ohm (q) (Dfiti/-fXv 

m (k) (Ea2 ) £*tf>So atssffit 

g4Ai-*-r«fe : 5icSit«-eKao^.-— f^-K (h 

ls—->?m^) ttW&OXs— AOiSttlzif au s 

myJiLTRLS (S4§Wg'J*2Si20 ttifSJBlvC* 
■fr^/Hlhmn (q) £8l£LTl*<. ^-V^m-SHS 
2 4-1, 24-N*b, A 2 Cb 

1 (I)].—. A 2 Cb M ( i ) ] O^it^tllZ-Ol^ 
X. lEX&Mi+i $fi-C*fc*Lli-i 

(2m^-(bi/>^u«¥i|^fit) bi " ( i ) , 
-, bN * ( • ) t LTSfcfcU C^t&bi * ( i ) , 
-, bN " ( i ) U— /<2 7-1 , 2 7- 

N £il Ctl "J iE L^- V*;HtS« 2 8 (c A* * 
^■V*;Ht£«2 8lCl£g:{Hi*§- r (k) ttXDZtl 
&kmz=L-—<?0— KiBtI8P2 9^bi-->9- K 
tf&m'&^t LTA^JStlS. 9 L **;HtJe»2 8l±w 
*v&A*$^fc«^-lcS^^. 3 (33) <B#h 
mn (q) ,t:c3-2(D«-fil*ft/h2^^J:y*t3£-ri>c C 

[0 0 3 9] hi/- — >f JRW*!B^*©I* 

irlil ^ u-Artroa--f 9— KCB 

*-r-&. -tLT-ero^6<±iE©^y®Li^b©^tt$ 

©sron y & Lffiso^-siig-c^ -v^Hfittft y si Lit 
lio.-— ? 9— KoftofltttS't'tf^saif^ttLTi*. 

fS2 4- n^t»ro«a*gibA2 Cb n ( i ) ] £/3 



[0 0 3 8] 5fc|C^*:iwMtSg?2 8IZOlvCi$«<5. 
#S««^rn, (k) l*3Ll&X'mt>1*$>o 

h m n(q) ' *=> n (k — q)+v„, ( 

(33) 

?Tt>*lZ>. *0>te ; Z<J)tt1SL%&.ttA2 Cb n (i) ] 0) 

So mi*, »stso. 3£i tfij^Lfci^roi «ty 

*J8Wt£5£l t¥tJSLfct#(D1 <D*A«tt^&L 

b„ (o £fij£u **L*fflt»r«yaL***;nt 

[0 0 4 0] *r«#S2 4-n,fcy<75»aAgJtA2 

Cb n (i) ] £ffiUT. ->>7t?;U©ttflSfitb' 
n ( i ) 

b' n ( i ) -tan h CA2 Cb n ( • ) 3 /2] 

t l-c*»£. zo>mmz*i»x&fe*: 1 (-MmtL& 

IZ^AL^L^ffi (OtlOH) $fflmLT33#, 
fl^fitb' n ( O <Bi|£»ffij&<-5-G>L£lMi6J:y t*£ 
^t<Dl::*JL-C-?-a>®¥!lSteb ~ n (i)$«#LTj3 

CtL^ySL^-V^WHtSlcfflUS. 
l^fit£0. gK^-fSfctSCfJ^ffib' n (D<D5*> 
$£*iffiA<0. 9Ui±<DS!*!lSfllb " n ( i ) <7>**<g»J 
£*tS. LtlMItfO. 9 t^LxfcttaSU$*l,fcS¥«S 
fitb" n (i) ©itfr&b*l*Bl*i*A6i|i5^&» 
Zftt, ^ fijfli LTff -5 !^y iS LT-**)\,&fc<»mmt± 

?tc>+ts. y^Lt^f? ot 1 rop^T?ss-r 

Sj&M6<a&i.. ttEt LT(RlcL#^ffi^1 i^Lfc 
df^. iSS!l$*tS^J^ttb ^ n ( i ) l4«H.»fctf>*y 

•C-afeT-a^SA^ U^t^fitl*0. 2~0. 8Sgl=t6S 

[004 1] tfcoTI 0Sa>^*>>7f5;U^5UlcM-ri) 
^{Sv^^^ftSffi (SlfiJSffi) b! " ( i ) , b 

N * (O 4'a>L^t^^itlrJ:y^tA^e» Li^twmzixtz 

->>rP;Uffi^^r 'J— /^2 7-1 , — , 2 7-N©fcb 
* & ttJlUmtt -> >7t<^Ht^fiI t L -CSiJUl •> > TtOufBIS 
SP3 2I^«L-C*3^. r- (k) 

^yilL^btt^-ffiSlcfct^-CI* r- (k) 

liiEHSU-tStlLT&S) . *ra.=.— ^O— KSS^ 

«rias/>*;uEit»3 2«Nt,. ft^EHl'>>7t?;uei 

«*«36*b"i (I),-, b" N ( i ) *«)5tA^ 
L ^ i: WZ. 2 tt v > ^fiS ^ Ki¥ tt L T ^ v *;HtS 

mn (q) ta2 ?IUT. S<t<l# r- (k) l^fS 
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mil. caws' >#;uiiy£> £f?5o z<nmz*o> 
«S$*ifc*>>^Hifeltrl2l*>>7l?;HEtlSP3 2C0EH 

^•Y*;Ht££*r5., ^roat^-v^u^flH^-c^-fb. 

1 ( i ) . b" N ( i ) 4'tDL#l>ffl(-«fcy«t* , 'e) 
L^ifaS*Hfc->>^Hfi*M®i>>^HH1igS3 2 
icffi&te&E&U Z(DliTlHlv'>^HB1SS?3 2<&E« 

-, 2 7 - N L Tf t *;i-«£SI 2 8 ^A*t 4 * 

[0042] CO.fc^lC-rSCtlCfcoT^ySLI^J: 

2 Cb n ( i ) ] fttttH&tt4tftfif2 4 1 l=.\aS*U 
b' n (i)=tanh (A 2 Cb n (i)]) tfttJf 
44u »«i»#Ji4M«Mb' n ( I) 

C(Dlb' „ ( i ) * < it«gU2 4 27*1*IM1R£«I2 
4 3fre><DL£lMitT h tltt***!,* b' n ( i ) *<T 

h£i±-ei. Th^y/h-eo*<ai***T.-5e 

JgJtA 2 Cb n ( i > ] jOT*BS»2 4 4l=Aa]S*U 
A2 Cb n ( i ) ] 1 . ££*tfc 

'>>^®fl^fflb ~ n ( i ) tfitiJlZtl. C©V>* 
yu^fl^fflb ~ n ( i ) I*. S*(S-r*5/>^Hft«Sffl 
#L*l*«BLfC**tl*tf— h 2 4 5 *<§!<!: ^ixXtUti 

£*u bi *o-f y— ^2 7-n$ai:Tttrs*» 

[0 0 4 3] *fc«^6Ll^'»*;MBfl£«**«ffl 
w n (k)=(HG (k) 

i liHtttTju. ct2 as««(onA«i**A ctt*j£ 

C3 (k) = E [ ( E3 (k) - E3 ' 



Xf7^S1fgffitr (k) ta-- Kfcfc 
J:*ft**jtttmv •y^S2-Ctt#fili«1 
Is]gfr : gfr£fS'<.. liaST*fc*U2. Xf"^S3n 
(DUSLfc^^^^ffihmn (q) *fll^T«Mt» «^-4Q 
S. 0$y@3*©Xfy^S3~S1 0©«li$ff 
5c XTVZfS4X'*ttSLltmitA2 Cb n ( I ) ] 

n (i) Xf9^S5-C»»3tWA2 Cb n 

( i ) ] (=»U b' n ( i ) = t a n h (A 2 Cb n 
(i) ] /2) ttHtLTiSfl|-»#^ttfl3e«b' n 

(i) *its-r*. x^v^se^s^iKjMMWM 

b' n («> *«L#tHiT.hBLh*»5*l=J:W. «JS*> 

«. *i=XT*:7s8T*tt#ia«^ijr*«Tfc***ii 

JE*I=I4B 3 tffl^T y ^ S 1 2 ?gti 3 cb«>A-T- -V 

:7s i izm&. 

[0 0 4 4] X-T-y^S 2 T'«-5§-$&3j!>< 1 BlTJtt^tfl 
S*4t-St» X^r-y^S 9-CfJIl->>7f?;US1tSS3 2*n 

JU***dlU Csh.fc««fl»r (k) ©MyVt^ 

■So BLhl=a3l*TI*, 2!3@ei&a>Sa:SI=*50-C4,, 3. 

.2BSUBfi#M&-9£l-Ctt&Ll*K>N 
£-»#/l'<D&$J8lvc:4»J:l*. Cl<D*£l*B6 4'l=:tt 

sre^-t^-si-. x-r-y-^si' i? i ®sof&mfr$m 

[0 0 4 5] X-x^y^S 1 ' TM IU@-l?<Eltsh.l*\ ^-V 

?S9~4*«. HfrT*-* (3 2) ©«liJfcs£££*. 
HH+ a 2 I ) "I • Hi (34) 

cs (k) i***-*/ntS2«is»=»j6-*-*. 

[0046] 

(k) ) ■ ( EES (k) - E3 ' (k) ) H ] 



=diag [ D (k +Q- 1 ), 



E [] 



O (k + q) =diag [1 -b' 2 



», O (k), — , O (k -Q+ 1 )] 

(3 5) 

(k + q) , — , 1 -b' 2 (k + b 



) 



q =Q- 1 , Q- 2, 



1 -b' 
Q+ 1 , 



N (k + q) ] 
pl o q = 0CDB# 



O (k) =diag [1 - b' ^ (k) 



(3 6) 



1 -b' 2 N ( k ) ] 
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*5 h;U D (k) ebcoi l*nSS©SSi (nSSffi: 

[O 0 4 7] 
[»1 9] 



h= 



l(Q-l)H+» 



(Q-l)-N+« 



(38) 



[0048]oSy h lii(23)©H©(Q- 
1) • N + n*lJ m O^^mfr o B2IZ^L-fc«fc5 

D (k + q) =d i ag [0, — , 
D (k) =diag [O, — , 1 , 
OfU. D (k) OSH«tiCDnff n 5U©^ta>«**< 1 
-C. <fe©±T:©^t?ll*0<!:&S. C^e,^ (3 9) , 

w n (k) = ( H» ■ Hi H +cr 2 

t^^o i-i test (3 8) -eggstifctro. 

[0 0 4 9] C(Difi<aiC«fcy. w n (k) l±klC«# 
Lfcl^fctf). StfJtMBf&Jkfe(Dj£fr^Jfm*^g<k& 
ft«gj&<8a3££:h.<5>. C©2t (4 1) lz**U i£fT 



(3 7) 

lz£di*jSHt«f 3 i©7<;i,$eM8dt3£gS3 1 7-1 X* 

SVift^WAcrZ &W&i»^tf)U±J3L&3 1 3-1 
*yo*t'H££1l3'>'K'l'b' 1 (k) ~b' N (k) 

n (k) (3 4) ~ (3 8) 1= «fe y 3i 

(3 4) li^fiJSIigSfT? cosuii* 

Jffi?T5'J<DffiStl^S (Matrix Inversion Lemma) £ffllN 

-SCt I" J: y 3194* mk-t« o* y 3t 

(36) W(37) ©«• b ' 2 (DSS#££T 1 (CifitEl 

■Tit. 

0] =0 (qf 0) (39) 
— . O] (40) 

(4 0) (3 5) ©IMtlT5fl<3 (k)£5£ 

(3 4) IzftA-f'Si:, 
I ) -1 • K»- (41) 

w©««uea*afflr*. z.mmrmaMm&mttiA, 

B£ (M, M) <DjE^*t5(L C£ (M, N) fr5!L D$ 
(N, N) ©jKMTfllfcL, A = B"1 + CD-1CH t?S 



A~1 = B-BC (D+CH BBC) "1 CH B 

■e^jib^Sc i (4i) it"<oaffJuat»©»»i=ca> 

(k) • Ki (k) H +<r2 i =B-1 + CD-'C 

H 

H» (k) • H» (k)H=CD-1cH, CT 2 I =B 
-1, Hi (k) =C 

Wn ( k ) =1 / ( a 2 + H H 
£*t*. C05S(D^2051/ ( ) . IP*>- 

Satft5f:ft1tLttJ:l\ J:Qtw n (k) = 
h iilt-4frb. Hi CD^T?w (k) WdtmZtl 

l-l * <D3£ (3 8) T?j*£:h.£> Hi <D^$A*-T*tlf <fc 
[005 1] Sfc\ SC (39) . 3t (40) l=J:«iS{H 

«tysc (3 4) OTtms^^K-f scttf-r^-So 

fc> ' (k) = [b' i (k) b 
b' n -i (k) 
b ' N (k) ] (4 3) 

fcf£U f (b' n (k) ) ttb' n (k) £A*)£-f 

sffs©nac©«t ; 5^-r^ci:ic < fcy. ^aj-r &<i-5§- 

b n (k) |=||LT*«yniE«<MS*Sfi«fc*1**=. 
irA^tgtftSo o^yb' n (k) =Oit5Ci:§ 
< (b' n (k) lc£CfcSiiiSffi£Jta3i:-r-5C£:^«fc 



(42) 

1 =D-1, K. (k) H = C H 

tfcy. c*t£ffll*T5£ (42) £ft»-r;h,li5£ (4 
1) «©ii£?T5iJ^A<**^o fcfcst (4 2) *|c*,3£ 
fr^TtS? (D + CH BBC) -1*1^**1**^ C<Dj£fr 
9iJ l*X * 5 1 J5: 4 An fg»ir ttff-T -5 z t ^ S o 

[oo5o] o^y c<Dig-a-i±. 

• h-i ) H-i (41-1) 

£o"2 I t-T-ixt:. 3* (4 1 -1 ) i=?m-j:?i= w 

n ( k ) = i-» -eififti-e^. &w&.?Tmzmm%tt<z 
m2%i3 (^yrriEsift) 

S (27) lz^L.fcg«^^ y (k) fr& l-l ■ 
E3 ' (k) ^sgS-r§lf<b«QST?li, «!±i-r5«-§-b 
n (k) &Lfi-<Z>m^<D&m->^#Jl>&W&®.l*mVfTJE 

&^nmtfRB&£ixxi^i)K mtnn>m^b n (k) 

l:Ht 4^yfTiES^SA<Saft*^TtN^LV -tC 

[0052] 5£ (29) *©b' (k) , o£ya£ (3 
1) £*3£(c£S-ti>, 

2 (k) - 
f (b' n (k) ) b' n+1 (k) - 

y. wz.it. *t*-£TSHM-c:«r ttitz&m? 
z&mr&ztizta^x. b n (k) £iEL<&iti-r<5 

[005 3] f (b' n (k) ) (COUTI*. b' 
n (k) O^ltb' n (k) l-fctffr-T v->7|5;U©® 



(17) 
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b' n (k) } SO 



IZdb' n (k) |z«JS-r-S®?'iai'>^K»«ffi14* < 
l>£ 1*5 "ttSfr & JiTF(BSM*£ Slfr-rs&^fc'S. 

f (O) =0 

-e&S. ^fcb' n (k) (&fit*<*£tT*ll*ll»f OMit 

d {f (b' n (k)))/d I 

-efci). coin's: f (b' n (k) ) OiSbt LTI£» 

f (b' n (k) ) =orx b' n 
f (b' n (k) ) =orx b' n 

A^ife.tLSo mz-ttzt (4 6) £m^"Ca££Sti:-r 
*ti£3£ (4 3) zmmzmmx-zz. ^^x-aito<a 

<0. 6T?fe5. a&O. 6j:y^<tStll:BE 
S#j8ia<D^ y 51 LHSeKJS a <Dte£:*# < -f *Ll£ 

§li\ festM*. a-^-«iaa)^yiiL^<i:ic«-^**vfc 

G (k) =E[(B (k) - B ' 
) H ] 

= d i a g CD (k+Q-1 ) , 
Q+1 ) ] 

* (3 1 > *y [S2 0] 



b - „ ( k ) =o. 0^y®fiJSv>7t?;KO«ffi1£*<0 



(44) 



IP*. 
(45) 



(k) (46) 
(k) 2 (47) 

[0 0 5 4] £fc. d<&«J:5£b' n (k) 0>£HI=# 
tV MM S E (g^Sl 2 mfl^) 7^;i/$©S»w 
n (k) £lfctf>&iglrJBUS5i (3 5) ^ElT<0«fe5lC 

(k) ) • ( E5 (k) - E 



(k) 



D (k) 



D (k- 



ZCtS (2 9) 
[0 0 5 5] 



B'(k). 



b f (k+Q-i) 
b'(k + Q-2) 



b'(k) 



b f (k-Q+i) 



b'(k). 



bi (k) 
-f (bk (k)) 



f(b' n (k))2]=E[b n 2 (k) 3 + 2 E 
[b n (k)f (b'n (k)]+E[f ( b * 
n(k)2] 

CfflSl ^0¥*Dfiil*1 irfc-So Sfcb n (k) $b' 
(k) T-i5ftl-r-5<ta (3 7) liJUTOi^l-JfeS. 
[0 O 5 7] 



[0056] ttli. D (k) (Dnff n9J©g^l* 
E [ (b n (k) + f (b'„ (k))) • (b 
n (k) + f (b' n (k) ) ) ] * 

[ ] * &mm&&*&t>-to croaiiBPSK^© 

E[b n (k)2+2b n (k) f (b' n (k)) + 

D (k)-diag [l-b'2i (k) 1-b'2 2 ( k )- 

1 - b ' 2^ ( k ) 1+ 2 E [f (b' n (k) b' n (k) 
] + E [ f ( b ' n ( k ) 2 ] 1 - b ' Vl ( k ) - 1 - b ' 2, ( k ) ] 

(48) 

085.1*. f (b' n (k) ) (4 6) t Lfc**l= I*. D (k) l±TI£<Ocfc 5 l=«t* . 

D (k)=diag [1-b'2i(k) 1-b'2 2 ( k )- 

1-b' 2 n _, ( k ) 1+(2o + ff2) b '2 n ( k ) -,_ 
b' 2 n+1 ( k ) -1 -b' h (k) 3 (4 9) 

c<o=fc5i-sai-ri.ffi-§-icsyiTiEm^s$s:n**-B- sfc^i-ais^-r ;u$«»w n (k) *«mb 
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sflMWbi (k) t Ltzm-sz^t aic^-t. 

a«*»#^b' 1 (k) A<H»3tg:SS3 3 1 - 1 l=A 

a4*u HftXfff (b- 1 (k) ) tfmnzfr*. * 

fcN*©tt*»fr&©lMl*aMlS'>#JI'b' i (k) 

~b- n (k) tf (b- 1 (k) ) t<mm:'nm£.f$.® 

3 3 2-1tW*il, St (3 5) , a (3 6) Xtfzt 
(4 8) l=*yflUfcfTM C3 (k)-*tX)F£rtS*l«. 
COKUMtW C3 (k) *tft*MfJI n xtf 
$twm^icr2 t i< 7 -f 3 3 3 - 1 I: A* 

zcr-a (3 4) *<tttt4*u aj67-ryu*«* 

w n (k) ^om^itTm^yjti^ 

*^4*»3-14-lC*f (b' n (k)-)*»A.* 
4*u a (3 o) ta (4 3) (2 9) 

^'J*** h;U B' (k) *<±j£4*t-£. 7-f./U^« 

&w n (k) ir* 985**9 y - (k) 
y<<ji,5U3-\ 8-i -e7-<;u$ffl3!£ftT*J&:££lt 

Ai Ibi (k) ] tfft&ftt. *EfeS2^<D7<;U^ 
^Scit^fi? 3 17-1 ©«^l±@ 7 A tbOliaSSffW 3 

3 1 -i#«**u «t«3ea«*»*^b' , (k) 

~b' N (k) a>»3b<MM179|l£Att3 3 2-1 IcATJ 
4*U S (3 4) Cfclcfc*. 
[00 58] B3«t"l::fcl*-C» Xf-;^S4-C : FSI^? 
•J*^K;UB' (k) ££j£U II=Xf ^^S5 
~S7£j&3U X-r-y^S 8|-33(tS^-f A^flfcfit 
w n (k) S$fc54<. :fl)Xf7^S 8©4BJ£l=fc- 

ivca (34) BB7Bi=*-r*.3 

, (k) ~b' N (k) *JBl*T» a (35) ~ (3 
7) *a«LT«*fTJfl<3i (k) *£j*U Xt"?? 
S 8 - 3 -e&SfrJU <3 (k) t)Kff^ff?JH 

at;*t#e*cr 2 Jffl^ti (34) <z>jStffi=<fc yjg*s 

7-OU£flM&wn (k) £3fc#>3>. 
[0 0 5 9] W»(DJ:5l=ttffiLfc«-^lcSyiTlEtt# 

S4 05tiI|-^-r^^ , S8-1 T?giaiLfclMt#©# ! l £ «£ 
2Ht->>^Ub' n (k) &Hfldt*U C*l.*JHl* 
T. ^T7^S4-Cli4 (3 1) ©ftyi=St (4 3) $ 
mi\ *3*y* (29) , a (30) (43) 1=* 

iJf*U^'J*^ HUB' (k) . ££j*U X-r-V 
7"S8-2^(37) ©ftyizSC (4 8) £JBlV|ll* 
J:l>. Wi£Lf=*5l=f (b' n (k) £orb' 
n (k) Xliab' n (k) 2 fTZMSX'. aZ&it 

4-t±<5ii*i*x J f y:?s 8-1-1 -c-fflSlE]gtfe£i.M* 

ff^S8-1-2f1+ (2 or + or 2 ) b' n (k) 
2 *3l*LTf (b' n Ck) ) fcLTBl^KJtl*. 
[0 0 6 0] ^©*Uir-5fll-5-l=lliyiTjEtt**Stt* 



(39) at; (40) ic^Lf=i5«i^jiffl-r*cti<T? 
c©i§*i*. m7 A$>iz&m-e%i-?&o\z7 4 

tSi4*«3 3 3-1 t, rt*JMlt»2 8*N&a 

(3 8) |Z^-T?r5>J Hi ©^SA*iT*V(*«kt\ -t&T? 
l*ffiE&7-<;U*«»Wn (k) £2C (3 4) |=*IJ* 

#S4I*9) ©101-1*1*. a (3 4) tOWIK^ h 

Ck) £. hU— =.l/y«-»XI*:ish.fcWHJfe*«S'> 
#;i,b* n ( k ) . » * L < ttHra Lfc «fc 5 f=**t£*< 
^b*„ (k) t$7^ )UZ&&£.m&3 3 3-1 lc 
ATJLT. RLS (S»»*/h2fllS) ft££XJBLT 
»«l:ll67^*«lw n (k) $fffflLT=b«fc 

m*** »-;ucsii{SiScM^»Jkictt#-r?>fci«>. 

«#<DtaysL«ia©2i5iajsiRtt, mt^y-<j^%& 

w n (k) t^VfrUfeKKtr-rS&Kfitfcy. *l= 

»w n (k) £&3Tr SCt Ll\, 
[0061] K4»» (yv^kjtg ) 

Itit L fc «fc ? ICS y £ L -V * ;U*tS l=i=— ? 9 — K 
[0 0 6 2] g8lc, C<Dl^i/>7t5>KD8|$lJ^fll4,^ 

v*;i<4t£« ^— 7t?-ra i 5-f-tf4 1 izmmLtzm&w; 
■r . $-7t;-f3 7-fif4i ttits^ v *-;mic «t y sjk 

-So SH^r (k) I**— *-f3 5-f1f4 

f + *;HttS4 2's«J&Jii, 7^r^A> 
Jt3fe»4 2"Ctt*««#r (k) tieffiS?2 9A^C > <DJ. 
--<7 9-KtC«fcy^-^^Ufit (€2IK#14) 
4*1.. tO«S4*ifcft*;Hl=* l J*-#<f37'f 
If 4 1 Wt-SIf^ r (k) 6<«Mt«!314*U 
Sf©I*^ flUH 8 — ^ C ( i ) A<ai*4*t«.<t:^ 
tc. «cf|««b' ( i ) A<a3A4*t«.. «kfU£fitb' 
( i ) l*v>7|?;u&5£»4 3l=A?a4*x : 5-<D^¥iJSffl 
b' (i) (Dtt»fit*<U^L>fitT hgi-hTffetvli, -t<D 
^JSfilb " ( i ) ^SA^C>L^^ («ffitt*<Hl^) t 

irfclt^i^-g^tm-^r (k) ««iJ2LS<tfll C-f 
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zi =y xmm) f 5 PSo ^ v *;u*tsas 4 2 i- 33 1+ & 

-f , |tr[slv>^;HS1SSS3 2|::t5tI£;h.Tl^-5>raSg->> 

[0063] * — TtW 3^-f-tf4 1 l*flS*.l£01 I^L 

w (k) =E [ y ' (k) y ' H 
] 

= [HA (k) H +0-2 

Cw-emisJC (s) -c^g*^fr4.a)t?fcy> 

h = [H (Q-1) , H (0) ] T 

h ( ) i*s (5) -esssttfct©. 0-2 =E [|| 

v II 2 ] ($tW<B#f)0 

A (k) =diag [1-b' 2 ( k + Q _-| ) , 
1 , — , 1 -b' 2 ( k _Q + i ) ] 

ccD<fe5i=H2 9*ro5ffi«^33^T : t,. ^-<r*;u H 

7^;u5>«»w (k) siMms?*^** 

w (k) T?7-f ;U$JE31U -?■ ©481311, Hi * l-*t L 
[0 0 6 4] @9I*U— & (RAKE) ^SMlSff^ 

ti y s Lg* (curtail y x l 

Sffi«-^r (k) liRAK 
E£j£ffi39U 5 fc^**;Hf5£»4 2 
1 0BI*y**;HfcJe»4 2fgff§ r (k) t=L- 
— £9— K£l=J:y***JHia*iiJ£**U RAKEn 

■fiffilHiei-M-r^ffi^tRAKE^-fiEffiSA^ *t££*t 

fc^**;HH~j: y fftjsh.. -s* y B»iny-f /<— 

S*<frt3ttT^— *fa- 2" 4 6^aj**H-5. 
fa-jf46J:yS§f-?c' ( i ) SfflSffi 
b' ( i ) &tii*£tt&o »«£fitb' ( i ) lii^TK 
;US^S4 3lcA73£*V luIBC!li:P«l-. ^OitCL 
l^(D0flMS->i'^l'«>BW!l5£teb " ( i ) A<IHIl->> 
^;USfiSP3 2l=SSr ; t&*fl*tL5. 2@SK1&<DRAK 
E g«- £ — #5* a— r -< Isfom y 31 L 5fcflML9l= 33 
l^TI*. ***;HtJ£»4 2-C?ZL^— £9 — ttoHiS.* 

[0 0 6 5] Si OttT^T* ? (JIl£) Tls~T> 

^^^fflt^c^yimLsmi-. iHEgiyiLfir*;^ 

(k) liT^^-f ?71/- 7>-7 L ^-S{tS?4 7l:Sf 

droits Lfc j ? j r*-Mit£^u-t\ r^^T-c^T 



— KfensB2 9. iirnh>> duetts? 3 2 £RH*f=6P# 
-efcs. @2 9*©gfi«-efeottJ:u. o*y. c: 
©Ji^tS (19) cofiSli, 9-f— <BI=«kyTiBt 

(k)] - E [b (k) • y' (k) 

I ] • Hi (5 O) 

IrKJ:5IC, Tlx-a»*SSU4 8T?#T> J r^ : f-. 

xi*tt£^ag«igE&f-^*«**<sfe3££*u *o>m 
4 7 <Dgffiaj*>i*$ -^a-^ 4 6 Mft*S£ 

*i,-Cffi-S§-$*U *0>«^r— * C (i) tftfU^ffi 
b' ( i ) ttfl**b' ( i ) l±i>>7P;u 

il£g4 3(cA*l£*U iifre>L^«f!l^fij!><S1rIalv> 
*\»HEttSS3 2lcS$ra<t£*iS. 2@lJU^«)-74f^ 

a>«§ y ii l 5««iaic 33 i^r itj- *;ntss 4 2 
fit t, ^ *;t4t£l=H JB * ^ «fc y ^ -v *;Ht 

[006 6] ft33g8lc33lt«>5»— =3 : 5-<-y'4 1 li 

ffiBsi^^-rt. gi 1 Aiz^-riai-KtA^aai* (s 

I SO) -O^-flf («flS*) 4 1 aiS I SOf3- 

9 («#g) 41 b<D«?us^o)^T-fey. z.ix^m 

1bS4 1 ata^-114 1 bP^t?^yilLi!)ffA<?T^ 

@92aU@1 OtbO^t— 7p^=i— ^4 6lilSBs(r^ 
■tt. mi 1 BIZ^-TJ: 3 S I SOf3-?4 6 a 
is I SOfa- ?4 6 b©ffi?iJJggc©Jf£3£-easy. tt 
3-^46at46b^T'i^yilLtt^-A<?f^i.. ■ 
9&.Tfm 1 Otb(D^— TfC-xa— 5f4 61*, SISOfa 
— ^-OT?t«tt^ 
[0067] Ei±Og873^@l Olc^Lfc09 

-cai 2ir*-r. o^ys««#^^yiiLS{t« (^ 
c- ( i ) t*a>&w%.m.b' ( i ) ^a*L. *o>& 

fij^fflb' ( i ) £*»7|U'g£S4 3ir33^-C\ L# 
^filtltSLT. ^tfrS^-f— $f C (i) (*>i//P;u 

sfaj S $ 4. (7) I* OSfl Sfil SWT IhI •> > ^;H51tSP 3 
2lzM^r*S^LT, 2lH]a£l&<7)it£ ; 3 1J r*;Hit£ffl^ 

fcsas- s-^ffisro^ y s u 1- 33 it s ^ -v *;nt*» 4 

2lz33(t'5 ; ? 1 A'*;HtSl-. -a.— — *7 — KWcfc^^tH 

^ <t y iE5tlr^ ^ «t 5 -S t T- 3b £> . 
[0 0 6 8] Si 3IC. C(Ov>^^®!|^lJS^l^ ; tSL^ 



(20) 
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Zfs 1 T-£««#£K»«^.fcl- t fcy^**-Mft£*t3£ 

<<, i mg-z&tui^yfs 3W^s i v&M 

SfctiJ Lfe$/>*A«Hje»l=eit» 3 2 IcIBtl LT fcS 

*7-V?S 1 IZM-So X^-y^S 2T?l#yiELfiL3!a>1 
Ial@i*'5:ltih.li. Xfv^S 7-CKHSP3 2fre,|iriE]© 

->>7f?;ui:lr t J: y^^Mf^froTXT-y^S 3lc 

[0 06 9] wOJ§-&4i> @6$#IUt^ff?S 
V ~S4' !-J:yi5i^LfcJ:5l3. 2 !51S6l&©jI!lS 
liKa«-§-^ffit^< T=&J:l\, 01 OC^LfcflfllCfc 

a— 4 6 <t ©raizteirt^-r «fc 5 1= r a k £-&f&&m 

SP4 SSfPALttJ:K C<Di§-g\ RAKE^ffll 

Wn (k) = (H G (k) t-i 
-1 Hi 

= (HG ( k) I — I 

(Di&m&l&Tg.liittl&o :Ct\ v m (k) *<#%L<J 

[n ( k ) • n H (k) ] = a2 I fctWS*l 
So *yBL***;U**»2 8 (01) Xl*4 2 (0 
1 2) irJ:y«|^$*tS. Hi. cr 

(k) 5£ (3 4) l:ttXLt7-fA>Saw n 

(k) ^s. 

[0071] mv* utm v m ( k ) a«afttt# 

-eftU»££%7l<5. C(DJg-&li, E[ n (k) ■ 

U = E [n (k) • n H (k) 
= E [ ( y ( k ) - H ■ E3 
k) ) H ] 

3\ Sff^CJ: yK<7 hJl> y (k) ; f V^iUS 

u"=21k=o Tr (y ( k ) - l 
I— I " ■ B ( k ) ) H 

[0 0 7 3] j#y 21^**^*1^2 8X1*4 21= 

it-s^yiiL^v^yHts*!-^ **jMt5ij Httt 

(C s 5£ ( 5 1 ) £5PJffl LT*#«fcfr5i] u * *itSf 5. 
-£-(D3MOI£0 1 4ir^"T. Si 4 Airgft^g-f-cfio 1 "7 

w n (k) = ( H " C3 (k) 



SP4 5i=fc(+«,=&->>^ufi*ei5ie«iE. rake§« 
[0070] afefetf^xstwemg)^ 

ItT&Lfc (miSSE) <D5U6WAf>MyiT 

IE?#JSL,fc«2 5l^<D|llS^ 

fiPt.«-T>T"*-a>SfHI-§- r m (k) £*-T5£ (2 0) 
ro^Sa+Ovn, (k) £fife14:tf'i;X$i#-Cfc£4:<55£ 

E [v m (k) • v m (k-q) ] =a2 : q = 0<Di§ 
0 : q*0©f§ 

E [] ItiHtttt. a2 ttaHMTcfc*. **ittfaMtR 
#'?x$f$ro<££#£B*3:h.<5roi*. 7-f;u^«»w 

n (k) (3 4) Xli^^MISw 

(k) £3fc#>-55£ (5 O) tfflcr2 I 0>gp3-C-fcSo 
0J*.I*3£ (3 4) <D w n (k) I*. 

H +E [ r-i (k) • r-. H ( k ) ] ) 

H + a 2 I )-1h 

n H (k) 3 =a2 i tTZZkWX'&U^tztb. 
7-f^^«»w n (k) S^tti-r-Sfctolz. JtWfiE^ 

Ogtftfit (^#S0 ff 9>J E [ r-i ( k ) ■ r-. 

h (k) ] ssuro^-cte^-r -5&s*<fc*. JiiTi-c 

E [ r-. ( k ) • r-i H ( k ) ] £R&fB"3"'5>e * (2 
2) <D y (k) = H ■ E3 (k) + r-» (k) £ 
r-. (k) = y ( k ) — I— I • E3 (k) t&l&L 

[0 0 7 2] 

] 

(k) ) ■ ( y (k) - H ■ B ( 

iUB (k) 6<fiJfflBitg-e&*i«. ftJiJuteBtfeWiig 
3il=J:y, 

— I ~ • EE3 (k) ) • ( y (k) - 
(5 1 ) 

7* L. @i 4Bi=i [eigja^coffis&^-re ilHlirofii 

*^5iJltSffil-H ~£fflUT5£ (5 1) l=«ty, 
SS n ( k ) 



H 'H +u") "I h 



(5 2) 



(21) 
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£»iiiU IC^'fWMwn (k) JfflUTSf 
[0074] 2@g(DjaSI±J--— ^r?— K<t. Tina 

0>§f -fb^S $ *lfc1f *S *> >^U0> 0*>L% Affile J: -5 
Tit*'*?. U,*kW%.t!tltzb<D* £<r>mi5&&mm^h 

sic ^**;Mr5ij#i£ffi n " a<«fc y lEteicfc y „ « 

n (k) ©nattf-ta^y. tMt»©Wfc*A±-rft. ia 
±<dasi= * y e«tt#^x«we«i«ai*«t9His# 

[0 0 7 5] traLfc*«fl»«t»«>*»>i*«>##1IMT 
■ 2*u:SLfc*aiaiMt»3 i ©mi SKDSMHSfr 

1 [bi (k) ] &3tibz,m-&izmmLtzm&mi 51= 

fvt. Hi 5*«>B!2-t»J6-r*»»l=ttRI— 

^■7— h*XI*|tT@*»^HHfilSS3 2 HMffl 
H©^V*^HB ! H3fe**#*'<^ h;U±m«>3 1 9lz\tt 
**U CC"*?* (2 5) JttfSC (2 6) IC«fcy#gB,<£ 
MH3 (k) *<£*£*t-&. ZO&fB*? HUB 
(k) ^**>Ht5£»2 8fr&©«!3£^-**.^fT5lJ 
H " gffi^<7 h;U£j£S?3 1 1 fr&OSim*? hJU 
y (k) *tft#ttfT9Mtfttl3 2 1 
1?S (51) *W»4*tT*»*fi«U©lt36ffWU " 
*l£. 

[0 0 7 6] *fc«flSV>#A4lt»3 13-1*6 
<Dtt«££m->>tf;U«C*8J£b' i (k) ~b' 
n (k) i«|HK* h;U£j£SS3 2 2-1 U:A2l£*U 

(35).s (3 6) atf* (37) icty^ 

*:M*Jfc2JI»*fc**»6"*"*IMIfTW<38i (k) *>< 
4***1*. C©WHtWC3i (k) fc. 
ffWU * <!b. H " fetf?*^*** 

SP3 2 3-1 ^«*&£*U CZ-CS (5 2) A<tt»**t 
t7#$«Sw| (k) *<*t££*l.£. C©7^1< 
$&8fewi (k) &M)Ftf3 1 6-1 fr&OSft* 

$ y ' (k) ^®s5"7-r;u$f3 i 8-i ^^J&* 

*VCs y' (k) IC^-r*7<;b5»ffiSwi (k) 
H y ' (k) *<£$*u ^<75ISaA<«a*SM:A 
1 [bi (k) ] t LTttiaSti-B. 

[0077] ^tu-r-5«-§-icoi>T ; fe^yiTiE«^^ 

£J5B*£-t!-£i§£rl*. SI 5 + J: 5 B 

7 Al:«lfcMl*M3 3 1-1 tSltt f Cb' „ 
(k) ) £X*U TJ^U^'J*** h^**»3 1 4 
- 1 -CttSC (3 1 ) Oftyi=SC (4 3) £ffllV. glM^ 
$ f-,/U£jS£S?3 2 2-1 T?l*3£ (3 7) <Dft U l=S£ (4 
8) £ffllvh.l*<fcl\> Si 4BIC*Uf=^a^gl1 6IC 



(k) hmmm* mfL[t=L--<?rj—^) zmi^x? 

**;HtW h *«H6U Jfei*XT^^S2-cc:cDfflS 

nje-eaMii*. v ^ s 3 -cHaet i ss^t 

fr?l] H " Sfflffi^r (k) t5fflUT3(5 1) 

[0 0 7 8] Xf";7"S 4-C}ftje^^*A'fiW H " 

SKUtfTJdCSi (k) fc£JBl*T£ (5 2) £ft»LT 
7-f;U*«*w n (k) IcltJg-r*. Xf»^S5T- 
*****Mt*I H*t7<MRSw,, (k) * 

m»T»««-»*«Ht»«u o*yse (2 7) sit* 

U w n ^ (k) ■ y (k) «t*LT. 
flCJtAi [b„ (k) ] C*vlz«LS#«iS* 

5. 

[0079] x-x-y^s 6 (*L#iMfiEi-to>->>7l?;uiK 

>U«¥!l£te£3fc«>5. ^©->i/7t?;u®¥iJSflll=J:y. Wr 
@-»*l'EfiS3 2 l=ttfA$*t-Cl*«2':'7frl<«H£ 

B>t5£«c £ o fcA^iS-^ 5dtU5 l+*tl£ Xf ^ S 

1 tsy. msfiticjfeoTt^*v(f. Jxiz 
33it*ffi3a*«i @s-cj&it*ttf, o*y 2@gju&-e& 

*Lli s X^-y^S 9-C^is]->>7ff;HB1tgP3 2**&*» 
3I=»*. 

[0 0 8 0] croig^t. secb-cai^tJ^Lfcx^^ 

7~S1' ~S4' irl^^lO^iSlcx^^^S 1 i: S 2$ 

JiaiCXT-V^S 1 Ot?HSit^fff (b' n (k) ) $ 
fTlV w<^>!e*$fflL^TmS^T?lJ C3 (k) ^*«)*tlS 

**'7X$|§T"5:L^St ; &*<^^*T.fcS«{t-^*<0^-CD$l ; & 

[008 1] ( 1 ) Sflra«t*SDa>T#S-9fit«£*t« 

— tfO»aiA«* 5 NflAXJVO£ifi 

«#i (k) (ff ju*»naffi-cttti!>-kju-¥>'./— 
rotf) *<s«**t*t-r-5. effltts (20) 1*. 



(22) 



4$g|2 0 0 3- 1 5 2 6 0 3 



r m (k) = 2: q=o 0-1 ^ n=1 
(k) +v m (k) 
<kft<5„ CrotfJUCfe^t. i (k) + v„ (k) = 

r m (k) = X 0=0 Q" 1 2In=1 
' m (k) 

ttzz. v m (k) i*efei*#*;Mi*"c«ti % ii*« 

Sfrtv w n (k) ^mseu &mm^o>mitmm. 
-> « y c 1 1= * y * 

[0082] (2) ^Sffi»l87-f;u5f^ffl^fciie-> 

<7>i *HBn?t- /<— y->^y xf^ff 
auM-cfctf-e**^. o*y. a (20) leaser. 

E [v. (k) • V„ (k-q) ] =a2 : q = 0©J§ 
0 : q#0 <Dii-& 

i:i*ft&fti\. .fc-^t: 

E[n (k) • n« (k)]-or2 i 
»S**tfcS«^(=»-ti)®S^SC (5 1) SfU/HL 

[0083] (3) It&Lfc^-tfSW:*^!*. 

£j£-f S L < ^l-ftoTUSo Lfr U g=--V*;H=*S 
BASSET (09 = /Utfl ->>t|5;Uj1®. 2 v 

>7f5;u®Sv 3*>>7fOioIS* iA/T:. 3 0-»t^I 
Mtf^f &:!£•&© 3 0 ->>7R;USS<B/<Xj£$}-) I*. 

*«tt***j***\ **i**»T»t lt»i\ us 
y ^(DSg®5KfiE^$liria (D ©«i=fcf**T*flra 

i (k) fcLT«CfCftHISttlii«r*Ci:^ 
[0 0 8 4] iaLfcfifitttf^lWCfc^*!**** 

*tJ6l*SC (5 0) l=6tt*<7 2 I ©ft.yfcttftLT. 
-> ^ y A,i— !f * -#MWttl: t *ft TJ # , RH§I= *> 

AKE£l£«a31£{I*>gl1 Ol:*Lt:7^f-f^7U 
-7 >T*»«*fl!l** »=-«=■ 1 2 
|=3?Lfc»yjSL«#l=:fcMti>^-V^HtSS4 2"£© 

[0 0 8 5] S3lEi (iSBB 
±&"CI4»««* r ! , r M £$ttjA«4t« 3 1 "C 

8HbLr«a*SJ±Ai [b (k) ] , -, A N Cb 

(k) ] m i nwo&f&w (2) tm*** 



N h mn (q) -b n (k-q + 1 ) + i 
(20) ' 

v' a (k) fctSfc. 

Nh mn (q) - b n (k-q + 1 ) +v 
(20) - 

ft LT*cfcl\, ftX.ttC4i$Bl 7lz^"T 

i t?» )ts©-»^n-if«HbS2 1 ' omtwzmrt- 

+t>-bMMMSE (ft/h¥^2m^M) m&&&7 
4 ;m ij >y©1MUB$fTl\ ■£©&. (MMMbS 2 
t i=*y\ jtcfLfc/ua^Qroi/^T*;^- tf© 

[0 0 8 6] u© J: 5 l=«|»t»ft*l L. ■ *S©» 
attflLK? < C fc 1= * oT 

^4.©l-ftbftL^J:5lc-rSwtA<-C#€.o C©£— 7|? 
*«*©JSi*IW (2) ©»*B*)Sfci:£4.£:(=Lfc5£«£ 
mo$ft*$ -*£««©«#&# - ©§ESB tfSffl * *t 
SM l MO->xf A©ftS«$@1 8I=«U @i tS4 

ts-r « sp» i= ^-#kss-§- it t m&mm $ * ms-r * 
(BiT©WB*m*) o ea» sict« 
-7t?s««3 oiz. yeHiWMtii 

«. C©g«m-1- r- (k) lf*Ht»7 1 

|cA**ih. C©«Hb»7l*&. Nfl©«SMJ:iJ 
©«#*<. t*i.€*t«©aflWIA»6©«*l=J:*T*A< 
&££*vfc<I^ui (k) , -. u N (k) t^A-* 
;HlQf1 (k) , exu (k) 6<a37J$^T^-*L 

?f«Mfc»2 1 -1 . — . 2 1 -NKA 
73**1. dft&S I SOSfcS2 1 -1 , — . 2 1 — N 
•*6**t**v»fc*flEttAi [bi (k) ] . A t 
[b N (k) ] 3b<tb73$^5. Cft*ysi«©»3BH:H 
1 ©»*tRWC**36«» i/i-^i-ff ftS2 1 - 
1, — , 2 1 -N-Cffll^&ftS^-V^Hit or 
! (k) , Of n (k) tf*-fb«ro^ 

**;MiTj*y, : ?-v^-;ufi9>J h ti±sft*o .tot 

C©ori (k) , oe n (k) *Sfftft©f-** 

[0 0 8 7] bit, *»©mt*l»"M'*. 

(^■V*;i/) ©»Q£#ltLTSl ©^BJti^«lCiC 
(2 3) ~ (2 6) SM-T*. 018tb©^S©*<b 
§21-1, ■ -, 2 1 -NI4#i— tf©g#©«^->> 
7p;U [b n (k) , b n (k-1) , — . b n (K-Q 
+ 1)] (n = 1, -, N) JZJrift^lBT^V*^ 
£Sffb-f £*©■*? $>•!>. ^©J=ft«rS©^bS7 1 "CI* 
y (k) n©±C [b-n (k). b n (k-1), 

b n (K-Q+1) ] (n = 1, — , N) XHt\<D=f- 
****-r*te3B*fT5. 6lTI=*©««W«:KiB*R 

[0 0 8 8] ^-T. fifS24-1, — , 2 4-Nfrb 



(23) 
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n Ck)3 (n = 1. N) £E^T3fcWt3iHl-» 
tfVUJISb' (k) £s£ (1 5) lC«fcy#tf>£. 

y ' n Ck) = y (k) - l-l 
= I— I • ( EE* (k) 



♦t&«t1W6a«»*^b' n (k) fc^-v*;HTW 

H^ffll^fM^l/^'J^H • B' (k) $ 
fEEEU h;u y (k) fr&llffTS. 

B' (k) (27) ' 

- B' (k) ) + n (k) (28) ' 



B' (k) = C to 
-Q+1) 3 T 



T (k+Q-1) 



to ' (k + q) = [b' ! (k + q) b' 2 
) —b' N (k + q) ] T : q=Q-1, — . 1 

to ' (k + q) - [b' i (k + q) b' 2 
+ q) ] T : q = 0, -Q+1 
(to' (k + q) <Dgfft*CD-tiOlin§S) to [b n 

Tl^<t-f St. 3l£C&#S>:h,& y ' n (k) l*Sn 
tlffla- -tf<D->>7f5^b n (k) 3t (5 4) lZ«fc 
y q = 1, •••„ -Q+1T?b' (k + q) ©nil© 
SHI £ 0 i: L fc C t < * <OB n * g ffla- if g * 
<D->>7|?;U [b n (k-1), — , b n (k-Q + 
1 ) 3 |=J:*»#IBT**»t Lfr'**»*t*Cfci«3- 

[O0 8 9] $SSf^h;U r (k) rtOSgnSS 
zl— +F (3Hf«) 6 VTivM' Cb 

n (k) , b n (k-1) , — , b n (k-Q+1) 3 
lZ&**><l><D9i-1*tfi+ A (2 1 ) fl>g«-<$ y 

(k) a>£ttfr&SJ!l$*i**3lc. v;u^/tx»^fi£ 
LTtt&Jh.-SSe'^A'h y (k) nfla- 

;Ub n (k) ^mm~T*HiZtilzHLX^0>'»^ 

H (k) ■ y'n (k)=r 
H (k) • t> n (k) 



T (k) 



(k + q) —b' 
(53) 

(k + q) — O- 
(54) 

(k+Q-1 ) , 



» ' T ( k 
(29) ' 

n (k + q 

b' N (k 



(k + Q-2) 



w n 



or 



aot:ro7-f^#ttw n (k) ltf»ft*<Dft 
*JlHI(ft**il). Qfn (k) ^AtS (5 
5) *3t*-r*tl<J:l^ J*lTI=w n (k) , or 
n Ck) fl>JHB*at*-r. tt«7-f;U*«ttw 
n (k) l*3t (3 2) , a (3 4) ^ibW7-f;i- 

(w n (k), Of n (k)) =arg min 
- Of n H (k) ■ (k) II 2 

« 1n ( k ) =1 ztkfrt-rzo o*y* ess) roes 

i«|/hi4lw n (k) t Of n (k) £5fc£>5. 
4D4*lfc«l**froin (k) =1 I*. Qfn (k) = 

o, w n (k) =o£*fi?£gi-J-.5;&-ea55. Cft 

Kfc. || Qf„ (k) II 2 =1 ft**JWfcfrTf*<**W 

nr-» n (k) =arg min ||r-r-i n 
r-r-» n H (k) • e«C4, = -l^ftitl.. (arm 
(k) =1 



n (k + 1) 3 l=**»*l«T**»**A/T!L*3. 

tf>TUSo C©J:-5ICS: (2 7) ' (DSfl"<$ h/U 
y ' (k) l*3t (2 7) ©I»^ y ' Ck.) 

[0090] *z-etNt»7 1 i=fe«ts«rRjiia©*© 

^UWET^U^'J* H • B' (k) 0=FS±:-&J£ 

y '•„ (k) *>&MMSE (S/J^PIS 2 S&S) 

w n l=*9 y ' n Ck) * (5 5) izOk-t&o 
4 jU*i&mLtz16mifi+ SMf«f(0«nfla- 
iffl>m-^*ro->^5l?7U Cb n Ck) . b n (k-1) , 
— , b n (K-Q+1) 3 l=^**;HSerin. af2n. 

S. 

FO ""I ar q (k) - b n (k-q) = 
(55) 

$f$w n (k) £l*|ltt-9Tl*«£<flEft±l!!— G* 
[o o 9 i 3 ±K<Dfif*JsiT©fiSraHfl)fif i LTSS 



H 



w n H Ck) -y'n (k) 
(56) 

fg"Cfe5)*<tlT-C(*. am (k) = 1 <D%j-&(Om$7ji 

?. mm<»&. isiTa>«fc5i=iHM*ii*jfta.*. o*y 

£ (56) CD^a^w, Of Cr-3l*Tfi>J*£:-f 5r-r-» 
n (k) tglti. 

[O 0 9 2] 
(k) ■ z 



(k) || 2 



(57) 



(k) = [ w n T (k) 
Ck) S [ y n T Ck) 



- or n Ck) T ] 
t> Ck) n T ] T 



C58) 
C59) 



(24) 
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(60) 

[0 0 9 3] 



MO+l/ ( & MO+1 



n H (k) ] 

[0 0 9 5] 



H 



72 



-1 



MO+1 



(62) 



e mq+1= [0 — 1 — O] T 
( e» mo+1 <D 1 (DgfliMQ+1 SI) "CfeSo XS£ 
[2] S.Hayk in, Adaptive Filter Theory. Prent i ce Hal 

nn n (k) = — ZZ" 1 ' « 
) (61) 

RZ2= E [ z n (k) • - 

e [a] itAoymnm *mt>ir 0 

[0 0 9 4] 
[»2l] 

^pAWjH^I Hffj m 

A n (k)=diag[D n ( k +Q- 1 ) , O n (k),— , D n ( 

k-Q+1)] (64) 

i i*me?r5ij a* itnnnti (ttteist^m^o [0097] 
#fMt) 

[0096] 
[S2 2] 



*h n (Q-l) 0 0 0 

h„(Q-2) h„(Q-i) 0 0 
M°) M) - h 0 (Q-i) 



(65) 



(k + q) =diag [1 -b' ! 2 (k + q), — , 1 -b' „ 2 (k + 



q) , 1 - b' N 2 (k + q) 

D n (k + q) =diag [1 - 
N 2 (k + q) ] : q = 0, — , - 

T'&Wis m n (k) liSE (6 1) ^SwttfT! 
i^ti (5 8) |C«El*w n (k) , C* 

u n (k) = w n H (k) 

5o C©J:5l=LT«n»ia>3.— tf*y©3i (1 ) 
OSjafc»«r*5Wl«-»u n (k) «qt&*u £fcs£ 
(1) <D^S©^-V*/HIh mn (q) tftlSTS a 

mn (k) ojya (i ) tfcffS-r&s* (5 

5) *<#S3. i-3Ta n (k) * 
t LT&g&©$?<bS2 1 -n 1=1****1 

[009 9] *l=fltttO*1bS 2 1 - n ei&CDffigl-O 
^t2-<5. IU2ELfcJ:-5l=S (5 5) Ii3£ (1) 



] : q =Q+ 1 . — , 1 (66) 
b' 1 2 (k + q) , — , 1 , — . 1 -b' 
-Q+1 (67) 
n (k) *j%.tbZ>tl&. 

[oo 98] zro&Si£;h,fc:7-r;L<$!|ttt w n (k) 
l=«fey. y ' n (k) £&5£lC<fcy 
•5. 

■ y ' n ( k ) (68) 

JSLTl^A^ 3.— if«(D«>fb*2 1 - nrt-e<Z>®lfE 
1*03 1 tb<DS?4b*2 i »IM*fcNttl=fTX.I*J:<.be 

tta^tiy. x« ci] i=***n:i**fci&B*B(* 

**ftl2 1- nlt±^SiLfcu 
n (k) , n (k) ai;«fS2 4-nfr&«>*tt 
fif«A 2 [b n (k) ] £A*U B*i:bt«Wte 

] (L LR : Log-Likelihood Ratio) ^^SCtCcfe y fffcB 

[0 1 o o] 
[R2 3] 



(25) 
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iX|[b.(k)]+X?D> B (k)] 



[0101] ^^-CA, [b n (k) ] li&S£<D«#g 
2 4-nlC^P>*t«>nei51t$E. A 2 P [b n (k)]l* 

2 n S Pr[b n (i) = -l|^[b n (i)],i = 0,-»,B) 



(70) 

[0 10 2] 
[S24] 



(71) 



= ^2[b n Ci)3+^f[b„(i)] 



[0 10 3] ZCT'A 2 [b n ( i ) ] iMSyjELOgg 

ic^bi&7 1 tmtm2 i Ai 

P [b n (k) ] l±«^&2 4-n|::#*&*lfc*|iJlt 

*b. tt-^tfTi^iRy*©^*'****!.*. ftr^ufc^ 

t^ZL—^WMl 1 G>«SgfltJi££@ 1 9$#ILTf 
#CMt«. ft7VftJ:«8WI»B*M7 0 
X"<<7 \-)\> r (k) = [ri (k)—rn ( k ) ] t 
LXtamZtl. Z©^* r (k) ^fflUTSffi-* 

£ Mu£j£g?3 i i i=eivc#-*;u*/<*. C^-v*;iO 

£#H Lfc5£ (2 1) (Dgffi^f y (k) tf±f$. 

[0 10 4] S<lSf7 0«ty©Sffi«^" r 

(k) £. zl^— ?<7-KIB1S8?2 9*Ne,0€-Simai: 

-. 2 4-N(Dffi*«S*gitA2 [bi (1)3, 
-. A 2 Cb N ( i ) ] J&^-tfl-eJt^fiMlNgA 
1 p [bi (i) ] , -, AiP Cb N (i) ] 
?l*^=n§Ptir«A 2 Cbi (k) ] , •», A 2 [b N 
(k) ] A<$J?flS->V7t<^*tSSS3 13-1, — , 3 1 
3-NlzK^tfa (15) K«fcy»ffl5£i!l 

«v>7f:^b' 1 (k) , — , b' N (k) *<ft#S 

^ffi^-t^y^-s-^^nt^fflro^^ b - 
(k) tfa (29) ' . (5 3) st; (5 4) ir^y* 

Ztl^Nm<r>^<7 YJU B ' (k) fc^V* 
;Uft?0 l-H i: CDa*<ttT^«**tSSP 7 3 - 1 , -. 7 

B (k) ti<3i#>h>ixZ>o 

[0 10 5] ZtLt-NdO^^fig^U^'J* l-H ' B 
(k) tfgfi*? y (k) 7bMb?IS:S5 7 4-1 , 



(72) 

y ' 1 (k) , ■■; y ' N (k) S>*t£. & 

flssfi->^b' i (k) , b- N (k) &m 

m?7m£.tfL&7 5C:A?J$;ftT. s£ (6 4) . (6 
6) . (67) l=*y««Tj«Ai (k) . ■», A 
N (k) t><±f£2fa Zti£>tT J r*-)l>?fm H 2itf3« 
W«*a2 *<7-f ;U5«^ttitSai7 6I=A73£*L. 7 < 
^^^tt«ISfiP7 6-eii-S (5 8) . (60). (6 
1). (6 3) &.V (6 5) lc«fcy. ;U*4#tt w 

y ' 1 (k) . -, y ' n (k) t&-? 4 )\>$ 98M 
S&7 7-1, 7 7-NT?-etl-€ r *Lm#3Ftl. y 

7t?;U [b n (k) , b n (k-1), -, b n (K-Q 

+ D ] ©sges^&fl&i— tf«#*ya)T^BSJ* 

^tLfcjS^-efe^U! (k) , -, u N (k) 

fct?<b&a>^-v*;HS$g or ] (k) , or 

N (k) jtf*4l*JhJBl 8*©->>^U3.— tfSHb«2 

1-1, 2 1 T-N^#*S$*t*e 

[0 10 6] C<D$ — 7t?S«9ICOmi S£l?§ (2) OffiS 
#•11$ H 2 OIZ^-T. ^2 OlZtil^X. @3IC^Ufc«i 
S#l® «t »)5-r -S Xf 7"i:itB-Xf -v 
fc. fc*£U X^ i v^S4l=33lti,T^U^y*'<^ h 
;UB' n (k) (Dtmiijt (29) ' . (5 3) &lS 

(5 4) l-ctyfi^. Xf»;^S1 3l±»flJS2lfl->> 
/H;Ub' n (k) &mi\ 5* (64) . (66) . (6 
7) lcJ:yM^5iJAn (k) X^f-y^S 
1 4it?**Jl,t?Tm t-t 2ttf$t*m*l cr2 tKS^5U 
A n (k)Sffll^a(5 8), (60). (6 1 ). 

(6 3). (6 5)l:J:yMTilS7^^w n 

(k) tft*;Ht«afn 7^S1 5 

T-M»^<^ K;u y ' n (k) SEWST***? -r 
Wttw n (k) |:J:«7<WHLtu n (k) S 
^tf)*o ^f»;7s i 6-e«--7<;b$ffl3«e*u 



(26) 
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n (k) irttU is>?J\,3-—*fWib&m£?J-oXZ} ! 8l 
X§LttA n [b n (k) ] -HbfX 
1 OTjm-SHUJI-f J t<0m*m3lZ7F.Ltzt& 

[oi0 7] ±&-ei*&K^bS2 1 -ndfctf&^b 

®HI*. v^Jp^U CbN (k) , b n ( k - 1 ) , — , 
b n (K-Q+1)] (n = 1,-, N) ICcfc3>£F#faJ 

g2 1 -n(Dft$3:ftWtf:*:#<fci>. -0><fc5fci§^ 
&KSHbSS2 1 -nT?0>*fb®B£Q' <Q.!:U I5S 
OWJ7 1-C. Cb n (k) , b n (k-1 ) , -. 
b n (K — Q' +1) ] (Q' <Q, n-1. — , N ) 

9 'plZ&&-Z7ji-f J: 5 l:f**;Ht^S 2 8 1= SUtSl 
Eli/>7t?;i,EggJ3 2£KW-C«2pJSai{!->>^i'b " 
n (k) $*ffl^T^-V^Ufit<Oit^$fT5 «t-5(=L 

[0108] @1 7 lzmLt=.mXltm&.<D&iiit}&it& 
7 1 T?l*N£9J(&2l«ffi-^lc*tU C*iP>$^9"JJ:y 

****** or „ £itS*>U «-N^*iJ©«^§- 
u n ^ftSOi/^^i- #mt&2 2-nl=J:yi^— 

i*. mwtmz i ic^-Tck^ir, misero^bsi8i 

r m ^Lti i -mus^ffim^jromu + i m&m 
mmiz^^^^m^Ltzm^tm^me ri u) x. 

tf^-atMt*©^**^*** or (k) fU + 1 

^Lfc^bffi#^9Ue r 2 (k) &lfffl)fftt«0f 
**/U»*e or 2 (k) m2Kg©SHb«8 
2-1 82 — 2 *•© 82 — 1 trl*. A2l £*lfc e r 
1 (k) &.Ve tx \ (k) £H-fb«l31L-C\ f 1 ~S5 
USSI«^5iJ*(Dmi ~SUi SSm^'JO^Ui +1 
~S U#£<t3i5'JK<fc -ST^ LfctHbffi#&?iJ e 
r 3 (k) RV*<D%flt&<D : ? J rZ-)l>1l&&e or 

3 (k) t. n^l~Wiummmmm'p<Dmu^ + i~m 
u 2 *s**w©*i ~mu-\&i&m¥k&iE.v&02 ~ 

4 (k) atf-tOT^b&O^A'^MfSSe Q? 4 (k) 

an ~*u»**wi>0>*u2 +i~gus«i5n 

©1 1 ~gu 2 &^?iJl-£ST#£f&3sLfc3l<b<i-5§- 

fc> ' (k + q) = [b' 1 (k 

••• b ' n (k+q) ] T : q = Q - 

l=» ' (k + q) = [0 — 0 b 

q = O, — , — Q ' +1 



m^lJe r 5 (k) Mfffl?M(Df**MftSe Oi 

5 (k) ^-t*t€*tai*-r*o 

[0 10 9] PW2SS©!HtS8 2-2T?l±SHb 
ft-5HS5Ue r 2 (k) fc***;Mt«e or 2 (k) *>< 
«ft««3ikn e r 6 (k) &U^b&©* 
^^HMe tf 6 (k) £*tHbfi#£5Ue r 7 (k) 

Xtf§Hb&©***;i<**e or 7 (k) 

N = 5<DJi^lim3®Bfl>^bSf8 3- 1 ~8 3 - 5 I* 
ID 1 8+a>*>>^^.— tf^bSfcJSS. fcSIM*. 
IbSS 8 3 - 3 © A**-fb«^-l* 2 0<7)^«-§-(= «fc y *t 
j££*U SUbSS 3-3l=«fcy-€-©2 0<Z>2Ht«^(D 

fiif^^ lt 2 $a©tMb«-s§-£ omitiko? -V 

****££#©->>?> J-—" tftHbSf 8 4- 1 , 8 4 
-2f*!flWftUtt ^1-, #lx.tf3Hb$§8 

3-4^l*§Hb«^e r 6 (k) fc***/U»*e Of 

6 (k) *©«J*aMM»©*T» ff9x.fi 
3 OOjil^ffi^O^^^ICOlxTffiO 2 0£D3HHt-S§- 
tCSIT^i:, ^*iea-©-?./l^/*;U=<J:-5^fST 
i^tL-Ct<fcl^ S2SI©§ftS8 2-1, 82 

- 2 © i o7is«a-e, «*flwsflMM-i=»-r 5§«<b 

[oiio] &L±o>,ti ? iz-mzi*wii ms<j>mtm& 
^msKomitm^mm t mit&.T * ****©*&£ & a 

U ^^b^^J&tf^©^^©* *****©*& 
COUT, 1 75M«»©Sf-(bSI£ 1 7b £1* 

^baia. o^y c©#mi*f»:tg}£Ai [b 

n (k) ] £&j32l£Z^t*,X-2Z>o ^<D«fc5«=^S 

«^^bffia^?ra«^i*, mftLtc&oizik&m* =f 

[0111] JslTlcfcUT. @2 1 *<Dmi «B<D^b 
|g2 1 "C. NlKDiUffi^iK €-5I«^?ij<©v;u^/<x<d 
a*<Q©g«m^ C u^oSffi^Jco^ro^b*-^^ 

9Ue rl (k) Xtf^b&ro^-V^MSSge or 

1 ( k ) *<J>&L&<»mim 8 2-1 -C-W^bMS 

itmmzmm-tZo m-\ 8&i;hi 9\z^Ltzm^mt 
&izmmz : ?ft'<<7 bj\,£.f$.U7 2t-Ti'<f h;u 

B' (k) Z<nmmn£ (5 3) % sc 

(5 4) *<3£ (5 3) . ^£ (5 4) ' &tf3t (7 3) (C 

[0112] 

+ q) b' 2 (k + q) — b' n (k + q) 
1,-1 (53) 
' U+1 (k + q) — b' N (k + q) ] T : 
(5 4)' 



(27) 
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(k + q) = Cb' ! 



— b' n (k + q) ] T = q=Q' , 

s£ (7 3) li&SttfHb-e^vu^/^roBE^Q' 

y ' g (k) = y (k) - I I • 
= H ■ ( B (k) - 

B' (k) A<fE&*t-Cl>-S£-r?><t» 5lg&#e>ft£> 
y' g (k) Ii^1~iuli3l?l]fl)y>^k [b 
n (k) , b n Ck-1), b n (k-Q' + 

(n = 1~U) ©M«»LmilSl^i 



(k + q) b' 2 (k + q) — b' n (k + q) 
•, -Q+1 (7 3) 

[0 113] C(D«}:?l3LTft&*l.fc : F;£'<£ Y)\s 
B' (k) ^UTTMtU^UAH • B' 
(k) fcftW, Ztlt&m*? KA< y (k) frfcllg: 

u o^yjfcstsn-ir-rs. 



(2 7) ~ 

(k) (2 8) " 



1) ] 



W g 



H (k) 



(k-q) = oe 



H (k) 



(k) = 



3' (k) 
B' (k) ) + 

[0 1 1 4] »:V7 t- : f&*r*>-b)l>1kOT&$ifflf$. 

5. Zfflf^lOa (5 5) tttJSLfcaSliJfcjt (5 
5) ' tftZo 

2 n=1 U 2: q=0 Q '- 1 <*nq (k) • b n 
(k) (5 5)' 



or g (k) = Lof 1,0 (k) . — . ai.Q'-1 (k) , 
, au.0 -1 (k) ] T (5 5-1) 

t> g (k) = Lbi (k) , •• 
— , by (k-Q' + 1 ) ] T 
Ctlbw E (k) , org (k) tt&>Z>Z. ttlta 

.t^^tza (5 6) ^atLTta^t'S^w [0115] 



fc>i (k-Q' +1) 
(5 5-2) 
g (k) , or g 



, aru.O (k) , 
, by (k) 

(k) £3fctf>5. 



(wg (k), org (k)) =arg min 
) — oi g H (k) • b g (k) || 2 
a 1i0 <k> -1 **frfcT*. tt»3sh.fc»JMH* 
(4. org (k) =0, wg (k) =0fcS&£S(t 
**-C*y» II atg (k) 1(2 =1 «c4»**fr-C* 



wg H (k) • y ' g (k 
(56) ' 

<»4,Rr«gtffei.* < 6iTt?lis or i,o 



(k) =1 (Difl 



H (k) 



m 6 ( k ) =arg min II 
MQ . +1 =-1 Sjfcfrtr*. 

(k) = [Wg 



H 



(k) 
(k) 



(k) ■ = 
T 

fc> (k) g 
0] T 



(k) ||2 (57) ' 



=s g (k) = C y g 
« MO +1 = CO — 1 
( e» MQ-+1 froKOSiltMO' +111) 
BifiBXmt [2] {ZfjiZtlX^Z 1 ??? 

(k) =- Rzz" 1 * MQ'+1 / ( 
(61)' 

[0 1 17] 
[&25] 

R a =ElZ g (k)Z»(k)] 



a g i (k) ] T 



T ] T 



(5 8) ' 
(5 9) ' 
(6 0) ' 



«fc y c<og^t^ii<D^i*JUTt?#^.e>+t*o 

[0 116] 



■+1 ) 



M0'+1 



[0 118] 



H 



• zz 



-1 



MO 



HA(k)-H H +o 2 l 

H. I 



(62) ' 

(63) ' 



A n (k)=diag[D n (k+Q-1),-. On ( k ) , — . O n ( 
k-Q+ 1 ) ] (6 4)' 



(28) 
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[0 119] 



h,(Q-l) 0 
h,(Q-2) ••. 
tl,(Q-3) i 



0 
0 



h l( o) ... h l(Q '_i) 



[»26] 

tiu(Q-i) 0 
hu(Q-2) ■-. 
hu(Q-3) 



0 
0 

hu(Q-i) 



hu(0) - h 0 (Q'-i) 



(65)' 



[O 1 2 O] 



(k + q) =dlag [1 -b' i 2 ( k + q) , — , 1 - b ' n 2 (k + 



q) , 1-b' N 2 (k + q) ] : q=Q+1 , — . 1 (6 6) 

1 . 1 -b' ^2 (k + q) , -, 1 
— Q' + 1 (6 7)' 



O n (k + q) =diag [1, 
' N 2 (k + q) ] : q = 0, — , 

Dn (k + q) =diag [1 -b' 
q) , 1-b' N 2 (k + q)] 

g (k) l*3£ (61)' Z.t&X-£&. Sl-5t 

(5 8) ' iC^wg (k) , or g (k) (= e 

of i (k) ) 4,3fc#>c.iH-5. crojz^fcftff^ffflS-tf 
sas 7 7 - 1 -csfes^ ttff l-c -? 4 >v$ mm-t s. 

[O 1 2 1 ] 

en (k) = wg H (k) ■ y ' g (k) 
C<D§Hbffl*Ie ri (k) fc»ft*f + *JM«le ae 
! (k)=or g (k) *<&SCDSHbSS8 2-1 |c££t, 
*t5). Jsl±0«fc-5lcL,r«!lS.I*5fl)2l{t^5iJ (3.— +F) 

»ic3^ffi^5ij cx— « 9)\>-ztt 2mm&m (3.- 

+F) ^U-^tl=»ltSii'&li. U=3Xi;2-C±IBT 
^3*«;XA$SI={f U C^,t,--D<D^-fbttl^) e r 

1 (k), e a; (k) & e r 2 (k), ear 

2 (k) 3 i£«m5'J (3.-+F) ffl£tf2S£fim 
?|J (a.-- tf) fflfl>mbSI=A73Lr^n^+L«-S«^5« 

(J.— <f) (D^btb*^fi-5o 

[0 12 2] £fcf«£Lfcfcdi-f5ffi-^©g|yfTIE«^ 

*Lfc*»^a.— If*— tf-fa^-f -^SAMl. g!9(c 
SLfcRAK E-&fiE«lS$— tKSJISL Hi OIZ^Lfc 

m. SI--fiftl=El 2l=«Lfc^**;Htft»4 2S« 
x.SS-*Sft«l~*.®ffl-e£<5. ICil 3. Bi 4 
SUBl 5T?li^**;MT9>J H ir^^tfeff^JU " OX 
2 H 1 Kl&roitSlzli^ 6 L. O £: flW * *tt= •> >7f?;u® 

—7 -7- K£>*£#!!§«^-<t ITS (51) LT 
Sljl^ (2) (M?Ugt<l) 

JJtlzi A©fUffl*l=**flWI*5llc (i) £«»a>M*U 
&3«] 4: LTEl«-r-iiCi:l=«fcy^-»afiJffl^^J:<lS5l 



2 (k + q) , 



1 -b' n 2 ( k + 



q =Q' , — -Q+ 1 (7 4) 

[0123] S2 2ic@i tn^-t &nftizm-&m& 

fcnuiftflreb (j) i*itt5ij-at5ij^in 4iz«fcy n 
1ia>&5iJlc=&*>>7t?;i,b (j)*<n^s$^., 21UJ1 

G>£ftN&G>$$U<&-5-bi (k) , — , b N (k) t £ 
*«*4lfc«» N^CDT> J r+^e.2l«**t«.o -tit, 

-T+iiHiisufcfcy. -©smfiii kulosssm 

IIOT^-X/O Kfi?$^Sffi#r„, (k) (m = 
1, 2, M) t LX^tiitimt^3 1 (CA73*+L 
<5>c 5<S<i^r ra (k) l*0!*.f*B2 8l=^LfcJ:5lc 

[0 12 4] ^ai*IHbS3 1 (*g2l=^Lfc^i:i^ 
ti-efcy. B3l-ipLfc&3I^JSS«t^*«fcla31£*T-5. 

^-roieic. S2 2*iz^Lfca-^S2 4<fcya>«a*s 

ibA 2 [b ( i ) ] frt»ttepiS$U 1 [bi]j&<«ffS 

y-f y-^$*iT*mr'tt«A2 [b (j)] t$ 

*u ^*S51fSA 2 [b (j) ] A<ie?iJ-3£5«^g| 
1 S-QN3kmo&mftmX2 [bi (k) 3 , — , A 2 
[b N (k) ] l=***:h.-C*llia*Mt»3 1 <^A*J$ 

[0 1 2 5] «fco-C£aj*J*<btl3 1 -CI*-*<DMj*Wa> 

NmontmxAttmw^ it, (k) ] , -, a 

1 [b N (k) ] tftUTJ^Jh-S. C0>NH13i?lJCD*tS:£ 
£J£%3|[*tt&l-K&IKMi 6lcfcy 1 S5iJ0)^gfcA 
SitRJUA! [b (j) ] (C^$*lT. ^»Sl22^ 

fg^S*<. Si TbMSS-Clft^LfctCDtll^flCfe 
U, tt-3rBl»SB3t#HL-Cff-3fctMba31l=J: 
y. NS^iJW^ft^gltAT [bi (k) ], At 



(29) 



4#H2 O 0 3-1 5 2 6 0 3 



[b N (k) ] ^wt^ft. w.m-&&m&mi 
5 tM9Jit5ij^»si 6 b&mi*z>ztiz&r>xmvm 

L «#ffl3i£ fr a C £ tft? # § C i: l±#£ K3f? £ fr.<fc 
5. Hi 71MB 3 Icfc^TnSl 

£5. £fcBl 87bSB2 1 lc^Lfc*g»©^tKI=<fc 
-S8t^M«i3Slc«fcy, Hi 7SSB3 1 ic^Lfc*-©^ 

[0 12 6] CCD^OD^-tHS^*^ g<H8l±©* 
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(k + q) , 1-b' 2 n ( k + q ) 
q=Q — 1— — Q+1, q^OT?. 
(k + q) , 1 , '•»,. 1 -b' N 2 ( 



[&2] 



h = 



H|,{Q-1)-N+n 
^2.(Q-l>N+n 



H 



M,(Q-DN+n 



I— I i, (0-1) 'N+n it±^m I — I CD 1 fr (Q-1 ) N + 

n5ij^i-j:yg:ai-ri)Ci:$!t*S[t-r*i«*^i et 

[#^MiE2] 

[R*Jl3] 2Ja±C0g»NeCDS!««fr&CD«-S§-£ 

^-V*;HIh mn (q) Stf^-V^fr^J H £f1-»U 
C CTrm= 1 , n = 1, NU q = 0 , 

Nmomttmnxi Cb n (k) : t^^xm^.mm~>> 
ft*jKh B (q) tttfl^aim^v^ub' 

n (k) £J30T. n#gCDj£{t«<Dj||«<S-5§-l-*rr$ 
H ■ E3 ' (k) £*tSU 

[S3] 



H = 



"H(0) ■ -H(Q-i) o 

o H(0) — H(Q-i) 



H(q) = 



h n (q) ■•• h lN (q) 



2 (k + 



B ' (k) = [ fc» ' T (k+Q- 1 ) •• 
T (k) •• kD. ' T (k-Q+ 1 ) ] T 

b ' (k+q) = [b' 1 (k + q) b' 
q ) ■■■ b ' N (k + q) ] T 
q=Q — 1 — Q+1 q*015 

fc> ' (k) = Cb' ^ (k) — -f (b' n (k) ) 
— b' N (k) ] T q = OTr 

fc> ' (k) CDSfSfCOf (b' n (k) ) I4n#g-efc 

y , f ( ) i* f < o ) — o . d { t ( b ' 

n (k) } /d {b' n (k) } feO£5Sfc-Tb' 

n (k) ^attssfi, c ] Titmmnmx'tb 
y, ccot^^h • B- (k) 

y (k) fr?>mL3\$m#'<t h^U y ' (k) 

CC"5 y (k) = [ r T (k+Q-1) r- T ( k 
+ Q-2) — r- T (k) ] T 
r (k) = .[rv<k)T2 (k) — r M (k) ] T 

y' (k) rtO^T^i?£»^l^*-r§> nSSCOM 

y cDS««-§-cog«ffi-^iz»-r SSJS? -r ft 
fiw n (k) £jfc#>. 

mft^t hJU y ' (k) £Jtfe»S7-r ;U*ft!l8w 
n (k) (=J:y7^;U5i«lSLT. nSSC0^««S«fcy 

[¥^*iIE3 3 
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[«iErt#] ^ w n (k) £ 

[»*J14] ±|BgffiK^7 h;i/ y (k) *(D$t^fiE 

w n (k) = (HG (k) H«+U)-'h 

<3 (k) =diag [ D (k + Q- 1 ) ••• IP (k) — D (k-Q+1 ) ] 
D (k + q) =diag [1-b' ^ (k + q) , —, 1 - b' 2 „ (k + q) 

, -, 1-b' 2 i| (k + q)] q=Q-1— Q+1, q^Ot, 

=diag [1-b' 2, (k + q) , — , 1-b' 2n-1 (k) , 1 

+ 2E [f (b'„{k)]+E[f (b' n (k) 2] , 1-b' 2 R+1 ( k ) , 

—, 1-b' 2 N (k + q) ] q = OU 

e [ ] i****afr-r. 

[St 4] H = 



"l,{Q-])N+n 
h_ H2.(Q_|).N+n 

_"M.(Q-1> N+n 



H 1f (tM) .N+n tt±BfrM H(51fT (Q— 1 ) N + 

n ?«^»i=«fc y jwj-t £> c t *»iit*ii*a 3 ise 

[sNSttIE4] 

[*Ije»hmfs«] ®$me 

[«IErt#3 

[IB*«1 0] 2J5l±0)SaN<i©S«*^&OS# 

9-**nM*i m (q) atf***;nf«i h «t+#u 

Z. ;fm= 1 , — , M. n=1, ■", N. q = 0 , 

N«©#W11N1A2 [b„ (k) ] 

7|?;Ub' n (k) Z.Z.HViltWltLtmM+ 

n (k) $m*r. n#Ba>a«««>a««#i=srr* 

Tj£j£#H • B' (k) £ft»U 
[»7] 



H(q) = 



"H(O) —H(Q-i) 0 
0 H(0) — H(0-i) 

"h M (q) ••• h 1N (q) ' 



fc> ' 



B ' (k) = [ b ' T (k+Q- 1 ) 
T (k) — fc, ' T (k-Q+1 ) ] T 

fc> ' (k + q) = [b' 1 (k + q) b' 2 (k + 
q) — b' N (k + q) ] T 
q=Q— 1 — Q+1 q*OT* 

l=> ' (k) = [b' 1 (k) f (b' n (k) ) 
— b' n (k) ] Tq = o-e 

l=» ' (k) <7>SfftO>f (b' n (k) l*nS§7?3& 
y. f ( ) l*f (O) =0. ANOd {f (b' 
n (k) } /d Jb' n (k) } fcO*»fc*-b' 

n (k) tt&tr&m* c ] ^\tm.m.^m-Q& 

«. C<D?*jft&l-l • B' (k) £gffi<-<* 
y (k)^biL?l?f^h;i'y ' (k)£# 
*>* 

:CT? y (k) = [ r T ( k+Q- 1 ) r T ( k 
+ Q-2) — r- T (k) ] T 
r (k) = Em (k) r 2 ( k ) — r M (k)]T 
h;U y (k) l*Jfl)*|*«»0!)#t»tklTW*, 

I <t LT, 
[St8] 
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h 



H 



2, (Q-O N+n 



H 



MQ,(Q-1) N+n 

l:J:y*SLfcS(57-f;^«Swn lc«fcyS#K>; 
h;U y ' (k) ZyiJlrttomLX* n#K©SI*« 
£y<&£ffi^lcttTST#JW$££ftfcg««-^£ L 
TmtXg.it *m 5 - i: i: T * * -*Sffi^2U 

C«iEStm«g*] H*£2 1 

im*& 21] 2 Ki±(DS» N<1©eHSSA % & 

^■V^^Hthmn (q) Xl/^A^UffJlJ l-l ^ftS^.!. 
[ftl 2] 



H= 



H(0) -H(Q-i) o 

H(0) ... H(Q-i) 



H(q) = 



n = 1 , •», N 

r, A'AA^htSf^^ 

y (k) = [ r T (k+Q-1) r-T ( k +Q- 
2) - r T (k) ] T 

r- <k) = [n (k) r 2 (k) - r M (k) ] 

T 

a, q = o, q— i , c ] t imwfimzmt> 
■t. 

N®o>mmfem<xti£ti. «?!i3£i!ngv>**^ b * n 

(k) (n = 1 , -, N) $±I1-S*tl!ISv>t;M 
*«W«ai«-»7P^b' i (k) ~b' N (k) A<A 



E3 ' (k) = [ fc» ' T (k+Q-i ) — fc> ' 
T (k) ••• fc> ' T (k-Q+ 1 ) ] T 

fc>' (k + q) = [b'i (k + q)b'2 (k + 
q ) ••• b ' N (k + q) ] T 
q=Q— 1, — Q+1 , q^OT? 

b' (k) = [b' i (k) — -f (b' n (k) ) 
— b' n (k) ] Tq=0T? 

fc> ' (k) <DWm<D f (b' n (k) ) linSa. f 
( ) lif (0) =0. j^Od {f (b' n (k) ) ) 
/d {b' n (k) } fcO*SWb' n (k) ££ft£ 

T-V^junm m if^i/^'JM^ h;u b ' (k) 
*<A2l<*;tU n«gOj£«©«fcy<DS!l««^CDgm<I-S§- 

i=^-r«>T^^n - b- (k) ^w-ffurai* 

Tj$J*#H - B' (k) igfK^ h^U y 
(k) A<A;*jS*U mtt*? hJV y ' (k) = y 
(k)-n - B' (k) &&ttr&m?k9-Ut. 

^ y ' (k) rt<D8^F#j£#£|££-r'5n#g(D£i 

ftw n (k) £*4t> 5 7 ^*«ftifgg|5 4: . 

g#<<? y - (k) .t-tiaSJS^-r^sia w 
n (k) *<A2i£3h.. y' (k) icfcfL 37 .< «13I 

set £#® t -r s * 

[ffiJEttSUSSS] 0 02 2 

[0 0 2 2] m2^BJ|Zj:^|f. miSS^lCfet^T. q 

= orotic. 

fc> ' (k) = [b' ! (k) --f (b' n (k) ) 
-b' N (k) ] T 

t> ' (k) nmmcOf (b' n (k) [tnmSXh 
y. f ( ) l*f (0) =0. A^d If (b' 
n (k) } /d {b' n (k) } fe0$5Bfc-tb' 

n (k) ^aftfrsn»t-r-5c<«:$#®«t-r«.. m 

3*WI=«fcfc.tf. *ft»3B*«ftS|Blc»lfC<TlV & 

SI. ^btB*o^Jroft$iJ>j&<-rs 0 

[^SSffiiE 7 ] 

[ISjEW^g*] 0 0 5 2 
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[00 52] 5£ (2 9) 4"©b' (k) , O^y-Et C3 1 ) £Jfc5£C:£M-f 

t»' (k) = [b' 1 (k) b' 2 Ck) ••• 



(k) ) lib' 



b' n-1 Ck) 
-b' N (k) ] 
Ck.) ZXfik-t 



f Cb' 



fct£U f Cb' 

c©ct5i:t5cticct y. &ffi-rss#b n (k) ic 

-5. Ofyb' n Ck) =0f?ZZhl3i< Cb' 

n Ck) ia6CfcaS«:«*anJW* = mx. 

S^lz&oT. b n Ck) £jEL<&tti-f£c 
[f«|]E8] 

HtjEtt&^g*] 0 0 5 5 

[0 O 5 5] B ' Ck) -Cb' (k+Q-1) — 

fc> ' (k) — b [ Ck-Q + 1 ) ] T 

fc> ' (k + q) = Cb' i Ck + q) b' 2 (k + 



q) -b' m Ck + q) ] ^ 



q =Q— 1 



Q+ 1 



Ck) 



q *=Q-e 
= Cb' 1 



Ck) ••— f (b' n Ck) ) 



(k) ] T 



q = 0T% - f (b' n (k) ) I* iz> ' (k)(Dn- 



#1 

m 



70 
-tL 



311 



a 

SB 



s 

s 



28 



29 



©1 9 



H-B'(k) 



Ck) ) 

C4 3) 

[¥ttttJE9] 
[B9] 

45 



b' n+1 Ck) 



.46 



RAKE 



C'(i) 



z 
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